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PREFACE 


THE   FOURTH   EDITION. 


In  consequence  of  the  rapid  sale  of  lie  third  edition  of  the  "  Manual," 
of  which  2000  copies  were  printed  in  January  last,  a  new  edition  has 
heon  called  for  in  lees  than  a  twelvemonth.  Even  in  tliis  short  interval 
some  new  facts  of  unusual  importance  in  paleontology  have  come  to  hght, 
or  have  been  verified  for  the  fii'st  time.  Instead  of  introducing  these  new 
discoveries  into  the  body  of  the  work,  which  would  render  them  inacces- 
sible to  the  pm'diasers  of  the  former  edition,  I  have  ^ven  them  in  a  post- 
script to  this  Pi'efac«  (printed  and  sold  separately),  and  have  pointed  out 
at  the  same  time  their  bearing  on  certain  questions  of  tiie  highest  theo- 
retical interest,* 

As  on  former  occasions,  I  shall  take  this  opportunity  of  stating  that 
the  "  Manual"  is  not  am  epitome  of  the  "  Principles  of  Geology,"  nor  in- 
tended as  introductory  to  tlint  work.  So  much  confusion  has  arisen  on 
this  subject,  that  it  is  desirable  to  explain  ftUly  the  different  ground  occu- 
pied by  the  two  publications,  The  first  five  editions  of  the  "  Principles" 
comprised  a  4tb  book,  in  which  some  account  was  given  of  systematic 
geologyi  and  in  wliich  the  principal  rooks  composing  the  earth's  crust 
and  their  organic  remmns  were  described.  In  subsequent  editions  this 
book  was  omitted,  it  having  been  expanded,  in  1838,  into  a  separat* 
ti'catise  called  the  "  Elements  of  Geology,"  first  re-edited  in  1842,  and 
again  recast  and  enlarged  in  1851,  and  entitled  "  AMannal  of  Elementary 
Geology." 

Although  tlie  subjects  of  both  treatises  relate  to  geology,  as  their 
titles  imply,  their  scope  is  very  different ;  the  "  Principles"  containing  a 
view  of  the  modem  changes  of  the  earth  and  its  inhabitants,  while  the 
"  Manual"  relates  to  the  monuments  of  oBcient  changes.  In  separating 
the  one  fiiim  the  other,  I  have  endeavored  to  render  each  complete 
in  itself,  and  independent ;  but  if  asked  by  a  student  which  he  should 
read  first,  I  would  recommend  him  to  begin  with  tiie  "  Principles,"  as 
he  may  then  proceed  from  the  known  to  the  unknown,  and  be  provided 
beforehand  with  a  key  for  interpreting  the  ancient  phenomena,  whether 
of  the   organic  or  inoi^nic  world,  by  reference  U>  changes  now  in 

*  Pustscript  to  4Lh  eriition  of  tlie  Manual,  price  M. 
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VI  PREFACE. 

Owing  to  tlie  former  incorporation  of  tlie  two  subjects  in  one  work, 
and  tke  supposed  identity  of  their  subject-matter,  it  may  be  useful  to 
give  here  a  brief  abstract  of  the  contents  of  the  "  Principles,"  for  the 
sake  of  comparison. 

Abstract  of  the  "  Frincipks  of  Geology,"  Eighth  Edition. 

1.  Historic^  sketch  of  the  eai'ly  progress  of  geology,  cU.ipa.  i,  to  iv. 

2.  Cireumstancea  which  eombiued  to  maie  the  first  oiitiTators  of  the  science  regard 

tie  former  course  of  natore  as  different  from  lie  present,  and  the  former 
diangBB  of  the  earth's  surface  as  the  effects  of  agenta  different  m  kind  and 
degree  from  those  now  acting,  chap.  v. 

3.  Whether  the  former  variationa  in  clmiate  established  by  geology  are  explicable 

ttj  reference  to  existing  causes,  chaps.  yL  to  Tiii. 

4.  Theory  of  the  prograsBive  deTelopment  of  organic  life  in  former  ages,  and  the 

mtroduotion  of  man  into  the  eorfli,  chap.  is. 

6.  Supposed  former  intensity  of  aqueons  snd  igneous  causes  considered,  chaps,  s. 

e.  How  far  the  oMer  rocks  differ  in  tflsture  from  those  now  forming,  chap.  sii. 

7.  Supposed  alternate  periods  of  repose  and  disoi'der,  chap.  xiiL 


8.  Aqueous  causes  now  iu  action  :  Floods — Eiyers— Carrjmg  power  of  ice^Sprioga 

and  their  deposits— Deltas— Waste  of  difis  and  strata  produced  by  marine 

9.  Permanent  effects  of  igneous  causes  now  in  operation :   Active  volcanoes  and 

earthqualtes- their  effects  and  causes :  chaps,  »dii.  to  xxxiii 


10.  Doctrine  of  the  transmutation  of  species  oontroyerted,  diaps.  xxxiv.  and  ssxv. 

11.  Whether  apecics  have  a  real  existence  in  nature,  chaps,  xxxvi.  and  xxsvii. 

12.  Laws  which  regulate  the  geographical  distribution  of  species,  cliaps.  sxsviii. 

13.  Creation  and  exfinction  of  species,  chaps.  xlL  to  xliv. 

It  Imbedding  of  organic  bodies,  including  tlie  remains  of  man  and  his  works,  in 

strata  now  forming,  chaps,  ^v.  to  1. 
IB.  Formation  of  coral  veefs,  chap.  IL 

It  wiE  be  seen  on  eompaiing  thiis  aaalj-sis  of  the  contents  of  tlie 
"Principles"  wit]!  the  headings  of  tlie^  cliaptere  of  the  present  work 
(see  p.  xxiii),  Hist  the  two  trealdsee  have  but  little  ia  common ;  or,  to 
repeat  what  I  have  said  in  the  Pretace  to  the  8th  edition  of  the 
"  Principles,"  they  have  the  same  kind  of  connection  which  Chemistry 
bears  to  Ifatural  Philosophy,  each  being  subsidiary  ta  the  other,  and  yet 
admitting  of  being  considered  as  differeiit  departments  of  science.* 

Charles  Lyell. 
11  Earlfji-slTeet,  London.  Seceniher  10,  IS51. 

*  As  it  is  impossible  to  enable  the  reader  to  recognize  rocks  and  rainuraU  at  sight 
by  aid  of  verbal  descriptions  or  figures,  he  will  do  well  to  obtain  a  well-arranged 
collection  of  spccimenss. 
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POSTSCRIPT 


Trucks  of  a  Lower  Silurian  reptile  in  Canada — Chelonian  fuotpriota  in  Old  Red 
Sandstone,  Morayshire — Skeleton  of  a  reptile  in  (he  same  formation  in  Scotland 
— Eggs  of  Batrachiana  (!)  in  a  lower  division  of  tlie  "  Old  Ked,"  or  DeToniiin— 
Footprint  of  Lower  Carlxmiferous  reptiles  in  the  United  Stotee — Poasil  rain- 
mar]i  of  tliB  Carboniferous  period  in  Nova  Scotia — Trisaaic  Mnnmiifer  from 
the  Keuper  of  Stntigart — Cretaceous  Gasteropoda — Cicotyledonous  leaves  in 
Lower  Cretaceous  strata — Bearing  of  the  reeeut  discoveries  above-mentioned 
on  the  theory  of  tbe  progreasive  development  of  aiiimal  life. 

Trades  of  a  Lower  Silurian  reptile  in  Canada. — In  the  year  1847, 
Mr.  Kobert  Abraham  annotmeed  in  tlie  Montreal  Gazette,  of  which  he 
was  editor,  that  tJie  ti'aek  of  a  fresh-water  tortoise  had  been  observed  on 
the  surface  of  a  stratum  of  sandstone  in  a  quarry  opened  on  the  banks 
of  the  St  Lawrence  at  Beanhaniais  in  Upper  Canada.  The  inhabitants 
of  the  parish  being  perfectly  familijti'  with  the  track  of  the  amphibious 
mnd-tiirtlea  or  tmrapins  of  their  country,  assured  Mr.  Abraham  tliat  the 
fossil  impressions  closely  resembled  those  left  by  the  lecent  species  on 
sand  or  mud.  Having  satisfied  hiinaelf  of  the  truth  of  their  report,  he 
was  stiTick  with  the  novelty  and  geological  interest  of  the  phenomenon. 
Imagining  the  rock  to  he  the  lowest  member  of  the  old  red  sandstone, 
he  was  aware  that  no  traces  had  as  yet  been  found  of  a  reptile  in  strata 
of  such  high  antiquity. 

He  was  soon  informed  by  Mr.  Logan,  at  that  time  engaged  in  the 
geological  survey  of  Canada,  that  tlie  white  sandstone  above  Montreal 
was  really  much  older  than  tlie  "  Old  Red,"  or  Devonian.  It  had  in 
fact  been  ascertained  many  years  before,  by  the  State  suiTeyors  of  New 
York  (who  called  it  the  "  Potsdam  sandstone"),  to  lie  at  the  base  of  the 
whole  Silurian  series.  As  such  it  tad  been  pointed  out  to  me  in  1841, 
in  the  valley  of  the  Mohawk,  by  Mr.  James  Hall,*  and  its  position  was 
correctly  described  by  Mi'.  Emmons,  on  the  borders  of  Lake  Cliamplain, 
where  I  examined  it  in  1842.  It  has  tliere  the  character  of  a  shallow- 
water  deposit,  ripple-marked  tlnoughout  a  considerable  thickness,  and 
full  of  a  species  of  Lingula.  The  fiat  valves  of  this  shell,  of  a  dark 
color,  are  so  numerous,  and  so  arranged  in  horizontal  layers,  as  to  play 
the  part  of  mica,  causing  the  roofe  to  divide  into  laminie,  as  in  some 
micaceous  sandstones. 

When  I  mentioned  this  rock  in  my  Travelsf  ^  occurring  between 
Kingston  and  Montreal  (the  same  in  which  the  Chelonian  footprints 
have  since  been  found),  I  spoke  of  it  as  the  lowest  member  of  the 
Lower  Silurian  series ;  but  no  traces  of  any  oi^anic  being  of  a  higher 
gi'ade  than  the  Lingula  liad  then  been  seen  in  it,  and  I  called  attention 

«  Travels  in  H"orth  America  by  tile  Author,  vol  ii,  chap.  22.        |  Ibid.  1842. 
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VIU  LOWER  SILURIAN  EEPHLB. 

to  the  singular  fttct,  tliat  the  oldest  fossil  form  then  knowa  in  the  world, 
was  a  marine  shell  ^rictly  referable  to  a  genus  now  existing. 

Early  in  the  year  1851,  Mr.  LogaE  kid  before  tlie  Geological  Society 
of  London  a  slab  of  this  sandstone  from  Beauhamais,  containing  no  less 
than  twenty-eight  footprints  of  the  fore  and  hind  feet  of  a  quadruped, 
and  six  casts  in  plaster  of  Paris,  exhibiting  a  continuation  of  the  same 
trail.  Each  cast  contained  from  twenty-six  to  twenty-eight  impressions 
with  a  median  channel  equidistant  from  the  two  parallel  rows  of  foot- 
prints, the  one  made  by  the  feet  of  the  right  side,  the  other  by  those  of 
the  left.  In  these  specimens  a  greater  number  of  successive  foot-marks 
belonging  to  one  and  the  same  sei-ies  were  displayed  than  had  ever  be- 
fore been  observed  in  any  roct  ancient  or  modem.  Mr.  Abraham  has 
inferred 'that  the  breadth  of  the  quadruped  was  from  five  to  seven  inches. 
A  detailed  account  of  the  trail  was  published  by  Professor  Owen,  in 
April,  1851,  from  which  the  following  extracts  are  made. 

"The  footprints  are  in  pairs,  and  the  pairs  extend  in  two  parallel 
series,  \ntk  a  channel  exactly  midway  between  the  right  and  left  series. 
The  pairs  of  the  same  aide  succeed  each  other  at  intervals,  varying  from 
one  inch  and  a  half  to  two  inches  and  a  half,  the  common  distance  being 
about  two  inches.  The  interval  between  the  right  and  left  pairs,  meas- 
ured from  the  inner  border  of  tiie  small  prints,  is  three  inches  and  a  half^ 
and  from  the  outer  border  of  tbe  exterior  or  large  prints,  is  seven  inches. 
The  shallow  median  tiack  is  one  indi  and  a  quarter  in  breadth,  varying 
in  depth,  but  not  in  its  relative  position  to  the  right  and  left  footprints." 

"  The  inference  to  be  deduced  from  these  characters  is,  that  the  im- 
pressions wei'e  made  by  a  quadruped  with  the  hind  feet  larger  and  some- 
what wider  apart  than  the  fore  feet,  with  both  hind  and  fore  feet  either 
very  short,  or  prevented  by  some  other  part  of  the  animal's  structm^ 
from  making  long  steps;  and  with  tlie  limbs  of  the  right  side  wide  apart 
from  those  of  the  left;  consequently,  that  the  quadruped  had  a  broad 
trunk  in  proportion  to  its  lenglli,  supported  on  limbs  either  short,  or  ca- 
pable only  of  short  steps,  and  witii  rounded  and  stumpy  feet,  not  provided 
with  long  claws.  There  are  feint  traces  of  a  fine  reticulate  pattern  of  the 
cuticle  of  the  sole  at  the  bottom  of  some  of  the  footprints  on  one  portion 
of  the  sandstone ;  and  the  surface  of  the  sand  is  generally  smoother 
there  than  where  not  impressed,  which,  with  the  rising  of  the  sand  at  the 
border  of  the  prints,  indicates  the  weight  of  the  impressing  body.  The 
medium  groove  may  be  interpreted  as  due  either  to  the  abdomen  or  the 
tail  of  the  animal ;  but  as  there  is  no  indication  of  any  bending  or  move- 
ment of  a  tail  from  side  to  side,  it  was  probably  scooped  out  of  the  soil 
sand  by  a  hard  breas^plate  or  plastron.  If  this  were  so,  it  may  be  infeixed 
that  the  species  was  a  fresh-water  or  estuary  tortoise  rather  than  a  land 
tortoise."* 

Previously  to  this  discovery,  the  bias  was  the  oldest  stratum  in 
which  any  remains  or  signs  of  a  Chelonian  had  been  detected.  Numer- 
ous other  trails  have  since  been  observed  (1850-51)  in  various  localities 
*  Qaatt.  Joum,  Geol.  Soc.  1851,  vol  riu  p,  260. 
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EEPTILES   IF   OLD    BED   SANDSTONE.  IX 

in  Canada,  all  in  the  same  very  ancient  fossiliferous  rock;  and  Mr.  Lo- 
gan, who  has  visited  the  spots,  will  shortly  puhUsh  a  description  of  fte 
phenomena. 

Chelmian  footprints  in  Old  Red  Sandstone,  Morayshire. — Captain 
Lambart  Brictenden  has  just  communicated  to  the  Geological  Society  of 
London  a  drawing  and  description  of  a  continuous  series  of  no  less  than 
thirty-four  foo^rinta  of  a  quadruped  observed  in  the  conrae  of  last  year 
(1850),  on  a  slab  of  sandstone  quarried  at  Cummingsfone,  near  Elgin, 
in  Morayshiifl,  a  rock  which  has  always  been  eonsidered  as  an  npper 
member  of  the  Devonian  or  "  Old  Ked."*  A  part  of  the  track,  the 
course  of  which  was  from  a  to  b,  is  represented  in  the  annexed  woodcut, 


Elgin.  Uomjshire.— CapMn  Erickenden. 


fig.  521.  The  footprints  are  in  pairs,  forming  two  parallel  rows,  which 
are  somewhat  less  distant  fix)m  each  other  than  those  of  the  Lower  Si- 
lurian tnrtoise  of  Canada  above-mentioned.  The  sti'ide,  on  the  other 
hand,  is  four  inch^  or  twice  that  of  the  Beauharnais  Chelonian.  The 
hind  foot  is  exactly  of  the  same  size,  being  one  inch  in  diameter,  and 
largei'  than  the  fore  foot  in  the  proportion  of  four  to  three. 

Skeleton,  of  a  reptile,  allied  to  the  Batrachians,  in  the  Old  Bed  Sand- 
stone of  Morayshire. — Mr.  Patrick  Duff,  author  of  a  "  Sketch  of  the 
Geology  of  Morayshire"  (Elg^n,  1843),  obtained  recently  (October,  1851), 
from  the  rock  above  alluded  to,  the  first  example  ever  seen  of  the  skele- 
ton of  a  reptile  in  the  Old  Red  Sandstone.  He  has  kindly  allowed  me 
to  give  a  figoi'e  of  this  fossil,  of  which  Dr.  Mantell  has  drawn  up  a  de- 
tMled  osteological  account  for  pubhcation  in  the  "  Journal  of  the  Geo- 
logical Sodety  of  London."  The  bones  in  this  specimen  have  decom- 
posed, but  the  natural  position  of  almost  all  of  them  can  be  seen,  and 
nearly  perfect  awta  of  their  form  taken  from  the  hollow  moulds  which 
they  have  left.     The  matrix  is  a  fine-grained,  whitish  sandstone,  with  a 

*  The  generally  received  determmation  of  the  age  of  this  rock  is  probably- 
correct;  but  as  there  are  no  overlying  coal-meaBures  and  no  well-known  Devonian 
fosaila  in  the  whitish  stone  of  Elgui,  and  as  I  have  not  personally  explored  tlie 
geology  of  that  district,  I  cannot  speak  as  confidently  as  in  regard  to  the  age  of 
the  Montreal  Chelonian. 
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X  REPTILE   IN   OLD   RED   SAKDSTOHE. 

cemei  t  ot  i^rloi  ato  ot  lin  p  T1  a  steletoii  exhibits  tbe  general  characters 
of  the  Lii-ertnns  1-lenled«ith  j  eouhantiea  th^t  are  Batraehian.  Hence 
Dr  M^ntell  mftrs  tl  at  this  lej  tile  was  either  a  freshwater  Batraehian, 
leseinbhng  the  Tiitui  oi  a  simll  terrestrial  Lizaid.  Slight  indica- 
tions are  visible  of  very  minute  conical 
tteth  Captain  Bricteuden,  who  is  well 
icjuimted  with  tlie  geology  of  that 
J  art  of  ^eotlind,  informs  me  tliat  this 
f  bsil  B  ao  found  in  the  Hill  of  Spynie, 
north  i  the  town  of  Elgin,  in  a  rock 
q  irr  e  1  f  r  luilding,  and  the  same  in 
1 1  t  ic  Chelonian  footprints,  allnded 
I  tl  p  last  page,  occur.  The  skele- 
a  )nt  four  and  a  half  inches  in 
1  1  ut  part  of  the  tail  is  concealed 
iji.  Dr.  Mantell  has  proposed 
tlie  generic  name  of  Telerpeton, 
u  i]>s  atar  off,  and  ip^sm,  a  rep- 
t  ^vl  lie  the  specific  name  Elgi- 
1  tl  e  commemorates  the  principal 
1  liLe  netr  which  it  was  obtained. 

J!,jj    of  Bati-aekians  (?)  in  the  Old 
R  I  Sar  dilone  of  Scotland.~At  page 
14  ot  this  work  I  have  given  two  fig- 
w   (hga    39'!    and   398}   of   small 
aruuj-s  of  eggs,  very  common  in  the 
si  i1p=   and  sandstones  of  the   "  Old 
lied     ot  Kincardineshire,  Forfarshire, 
and  Fife     I  threw  out  as  a  conjecture, 
h  t  thei  might  belong  to  gasterodoiis 
ttl      j         "ii''''''IFffili'flr  M      1'"^''''=''  liie  those  represented  in  flg, 
^fMii  I  Jbll  1 1  fJS  iiLllll'  Tr^      3J9    1     345    but  Dr.  Mantell,  some 
N  u  J  cars  igo  showed  me  a  small  bundle 

Tlie  peim  FKp  ei8     'Ma  c  >  d  (Jio  dried  up  eggs  of  the  comuion 

^^'  "  "'  ^£t^C  f"  "™  "'™  E  ghsh  fiog  (see  fig.  524  «),^  black 
Hid  tJrbonaceous,  and  so  identical  in 
appeormce  \  ith  the  tos  lis  n  question  that  he  suggested  the  probabil- 
ity ot  these  hst  teing  of  Batraehian  origin  The  plants  by  whidi  they 
are  often  accompariei  (fig  308  p  344)  I  formerly  supposed  to  be 
Fuel  but  Mr  Buiibury  tells  me  that  then  grass-lihe  form  agi'ees  well 
with  the  idea  of  thcH  being  freshwater  and  of  the  family  Fluviales. 

The  absence  of  all  shells,  so  far  as  om  researches  have  yet  gone,  in 
the  slates  and  sandstones  of  Scofland  above  alluded  to,  raises  a  preaum]i- 
tion  against  their  marine  oiigin,  and  a  still  stronger  one  against  the 
fossil  eggs  being  those  of  Gasteropoda.  It  is  well  known  that  a  single 
female  of  the  Batraehian  tribe  ejects  annually  an  astonishing  quantity  of 
spawn.     Mr.  Newiwi-t,  author  of  many  accurate  researches  into  tlie  met- 
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amorphoses  of  the  Amphibia,  having  examiiied  my  fossils  from  Foi'fer- 
ahire,  concuts  ia  Dr.  Mantell's  opinion  that  the  clusters  of  eggs  (figs, 
397,  398,  p.  344)  may  bo  those  of  frogs;  while  othei'  laiger  ones,  occur- 
ring singly  or  in  pairs  in  the  same  slates,  and  often  attached  to  a  leaf, 
may  be  the  ova  of  a  gigantic  Ti-iton  or  Salamander.  (See  figs.  523,  524, 
525  )     I  miv  observe  that  the  subdivision  of  the  Old  Red  Sandstone,  in 

Fig  123  FgSSt 

e  "i      S  b  of  Olil  Ecil  fisnilatone,  Fothr- 
dli   e  w  til  ^g9  ol  Balradi^DOB. 
Cans  lurboniied  etate. 


lalamBadm  oi  1 


ittaohians. — Old  Bed  Sanflstono. 


which  these  plants  and  ova  occur  (No.  4  of  the  section,  fig.  62,  p.  48), 
ia  considerably  lower  in  petition  than  the  rock  in  which  the  Telerpeton 
of  Elgin  js  imbedded. 

footprints  of  Lower  Carbonijhvus  rattles  in  the  United  Slates. — 
I  have  stated,  at  p.  340,  that  in  1849,  Mr.  Isaac  Lea  observed  the  foot- 
marks of  a  large  reptile  in  the  lowest  beds  of  the  coal  formation  at 
Pottsville,  about  seventy  miles  N.  E.  of  Philadelphia.  These  researches 
have  since  been  earned  farther  by  Professor  H.  D.  Rogers,  in  the  same 
region  of  anthracific  coal,  lying  on  the  eastern  flank  of  the  Alleghany 
Mountains.  Beneath  the  productive  coal-measures  of  that  country  occurs 
a  dense  mass  of  red  shales  and  sandstones,  which  correspond  nearly  in 
position  to  the  millstone  grit  and  Mountain  Limestone  of  the  southeast 
of  England.  In  these  beds  footprints,  referred  to  three  spetaes  of  quad- 
rupeds, have  lately  been  detected,  all  of  them  five-toed  and  in  double 
rows,  with  an  opposite  symmetry,  as  if  made  by  right  and  left  feet, 
while  they  likewise  display  the  alternation  of  fore  foot  and  hind  foot 
One  species,  the  largest  of  the  three,  presents  a  diameter  for  each  foot- 
print of  about  two  inches,  and  shows  the  fore  and  hind  feet  to  be  nearly 
equal  in  dimensions.  It  exhibits  a  length  of  stride  of  about  nine  inches, 
and  a  breadth  between  the  right  and  left  treads  of  nearly  four  inches. 
The  impressions  of  the  hind  feet  ate  but  little  in  the  rear  of  the  fore  feet 
The  animal  which  made  them  is  supposed  to  have  been  allied  to  a  Sau- 
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rian,  latlier  ttan  to  a  Batraelitan  or  Cheloniaii ;  but  more  infoiinatioii  is 
required  before  ao  difficult  a  point  can  be  decided.  Witb  tbese  foot- 
marks were  seen  shrinkage-cracts,  sucb  as  are  caused  by  tlie  sun's  beat 
in  mud,  and  rain-spots,  witb  the  signs  of  the  trickling  of  water  on  a  wet, 
sandy  beach ;  all  confirming  the  conclusion  derived  from  the  footprints, 
that  the  quadrupeds  belonged  to  air-breathets,  and  not  to  aquatic  races.* 
The  Cheirotlerian  footprints,  figured  by  me  at  p.  338,  in  which  the 
fore  and  hind  feet  are  very  unequal  in  size,  betoken  a  distinct  genus,  and 
occur  in  the  midst  of  the  productive  coal-meaaures,  being  consequently 
less  ancient. 

On  Fossil  Sain-marks  of  the  Carboniferous  Period  in  North  Ame^-- 
ka. — Having  alluded  to  the  epols  left  by  rain  on  the  surface  of  carbon- 
iferous stKita  in  the  Alleghanies,  on  which  qnadrupedal  footprints  we 
seen,  I  may  mention  that  similar  rain-prints  are  conspicuous  in  the 
coal-measures  of  Cape  Breton,  in  Nova  Scotia,  in  which  Mr.  Richard 
Brown  has  described  Stigmaiije  and  erect  trunks  of  trees,  and  where 
there  are  proofs,  as  stated  at  p.  324,  of  many  fossil  forests  ranged  one 
above  the  other.  In  such  a  re^on,  if  anywhere,  might  we  expect  to 
detect  evidence  of  the  fall  of  rain  on  a  sea-beach,  so  repeatedly  must  the 
conditions  of  the  same  area  have  oscillated  between  land  and  sea.  The 
intercalation  of  deposits,  containing  shells  of  marine  or  brackish  wat«r, 
indicate  the  constant  proximity  of  a  body  of  salt  water  when  the  clays 
which  supported  the  upright  trees  were  formed.  In  the  course  of  1851, 
Mr.  Brown  had  the  kindness  to  send  me  some  greenish  slates  from  Syd- 
ney, Cape  Bieton,  on  which  are  imprinted  very  delicate  impressions  of 
rain-drops,  with  several  worm-tracks  (a,  b,  fig.  526)1  such  as  usually  ac- 
company rain-marks  on  the  recent  mud  of  the  Bay  of  Fundy,  and  other 
modem  beacbes.f 


•  H.  D.  Rogers,  Proceediiiga  of  Amar.  Assoc  of  Science,  Albany,  1861. 
\  See  Memoir  by  t!ie  Author,  Quart  Journ.  GaoL  Soc.  vol,  tII.  p.  240. 
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The  easts  of  rain-prints,  in  figs.  527  and  528,  project  from  the  under 
side  of  two  layers,  occurring  at  different  levels,  the  one  a  sandy  shale, 
resting  on  the  green  shale  {fig.  E26),  the  other  a  sandstone  presenting  a 
similar  warty  or  blistered  surlaee,  on  which  are  also  observable  some 
small  ridges  as  at  a,  which  stand  out  in  relief,  and  afford  evidence  of 
cracts  formed  by  the  shrink^e  of  subjacent  clay,  on  which  rain  had 
fallen.  Many  of  t]ie  associated  sandstones  are  described  by  Mr.  Brown 
as  ripple-marked. 

The  great  humidity  of  the  climate  of  the  coal  period  had  been  pre- 
viously inferred  fi'om  the  nature  of  its  vegetation  and  the  continuity  of 
its  forests  for  hundreds  of  miles ;  but  it  is  satisfactoiy  to  have  at  lengtli 
obtained  such  positive  proofs  of  showers  of  rain,  the  drops  of  which  re- 
sembled in  their  average  size  those  which  now  fal!  from  the  clouds. 
From  such  data  we  may  presume  that  the  atmosphere  of  the  carbonifer- 
ous period  corresponded  in  density  with  that  now  investing  the  globe, 
and  that  different  cuiTents  of  air  varied  then  as  now,  in  temperature,  se- 
as to  give  rise,  hy  their  mixture,  to  the  condensation  of  aqueous  vapors. 

7'riassic  Mummifer  (Mim-olestea  antiquus  Plimtinger), — In  the  year 
1847,  Professor  Plieninger,  of  Stuttgart,  published  a  descriptiou  of  two 
fossil  molar  teeth,  referred  by  him  to  a  warm-blooded  quadruped,*  which 
he  obtained  from  a  bone-bi'ocda  in  Wurtemberg  occurring  between  the 
lias  and  the  keuper.  As  the  announcement  of  so  novel  a  fact  has  never 
met  with  the  attention  it  deserved,  we  are  indebted  to  Dr.  Jager,  of 
Stuttgart,  for  having  recently  reminded  us  of  it  in  his  Memoir  on  the 
Fossil  Mammalia  of  Wiirtemberg.f 

Fig.  529  represents  the  tooth  first  found,  taken  from  the  plate  pub- 
lished in  1847,  by  Professor  Plieninger;  and  fig.  530  is  a  drawing  of 
the  same  executed  from  the  original  by  Mr.  Hermann  von  Meyer,  which 

*  Wiirtembergiscli.  Naturwiseeo  Jahreshefte,  3  Jabr.  Stuttgart,  1S47. 
+  Not.  Act.  Acad.  CiBsor,  Leopold.  Nat,  Cur.   1850,  p.  902.     For  figures,  see 
ibid,  plate  xxi.  figs.  14,  15,  IB,  17 
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he  has  been  kind  enough  to  send  me. 
molar,  copied  ivom  Dr.  Jager'a  plate  li 


Fig.  529  ia 
^i.,  %  15. 


a\ai  of  meroU' 
l«sfPlLen,4( 
■B  tugeufig,  ae«. 


ProtesKi  [  Iheninger  infcrrtd  lu  1847,  iiom  tha 
double  fangs  ot  this  tooth  and  their  unequal  size,  ani3 
from  the  form  and  number  of  the  protuberances  ot 
LUips  on  the  flit  crowns,  that  it  was  the  molar  of  a 
Mammifer  ,  and  conrndenng  it  as  predaceoua,  probably 
insectH  orouB,  he  called  it  Microlestes,  from  (j.iKpo£,  little, 
ind  Xijtfriis,  a  beast  of  prey  Soon  afterwards,  he  found 
the  second  tooth  also,  at  the  same  locality,  Diegerlocli, 
about  two  miles  to  t!ie  southeast  of  Stuttgart.  Some 
^^'""-•■'■'-'"^  of  its  cusps  are  broken,  but  there  seems  to  have  been 
six  of  them  ori^nally.  From  its  agreement  in  general 
characters,  it  is  supposed  by  Professor  Plieninger  to  be  referable  to  the 
same  animal,  but  as  it  is  four  limes  as  big,  it  may  perhaps  have  be- 
longed to  another  allied  species.  This  molar  is  attached  to  the  matrix 
consisting  of  sandstone,  whereas  the  tooth.  No.  529,  is  isolated.  Several 
s  of  bone,  differing  in  structure  from  that  of  the  associated  sau- 
i  and  fish,  and  believed  to  be  mammiferous,  were  imbedded  near 
them  in  the  same  rock. 

Mr.  Waterhouse,  of  the  British  Museum,  after  studying  the  anneiied 
figs.  529,  531,  and  the  descriptions  of  Ptof.  Plieninger,  observes,  that  not 
only  the  double  roots  of  the  teeth  and  their  crowns  presfeting  several 
cusps,  resemble  those  of  Mammalia,  but  the  cingulum  also,  or  ridge  sur- 
rounding the  base  of  that  part  of  the  body  of  the  tooth  which  was  ex- 
ITOsed  or  above  the  gum,  is  a  character  distinguishing  them  from  fish 
and  reptiles.  "  The  arrangement  of  the  six  cusps  or  tubercles  in  two 
rows,  in  flg.  529,  with  a  groove  or  depression  between  them  and  the 
oblong  form  of  the  tooth,  lead  him,  he  says,  to  regard  it  as  a  molar  of 
the  lower  jaw.  Both  the  teeth  differ  from  those  of  tlie  Stonesfield  Mam- 
malia,* but  do  not  supply  sufficient  data  for  determining  lo  what  order 
they  belonged.  Even  in  regard  to  the  Stonesfield  jaws,  where  we  possess 
so  much  ampler  materials,  we  cannot  safely  pronounce  on  the  order." 

*  See  Manual,  p.  268. 
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Professor  Plieiiiiiger  has  sent  me  a  cast  of  tlie  smaller  tooth,  wLicii 
exhibits  well  tlie  cliaracterisfic  mammalian  test,  the  double  fang ;  but 
Mr.  Owen,  to  whom  I  have  shown  if,  is  not  able  to  recognize  its  affinity 
with  any  mammalian  type,  recent  or  extinct,  known  to  him. 

It  has  already  been  stated  that  the  stratum  in  which  the  above-men- 
tioned fossils  occur  is  infermediate  between  the  lias  and  tJie  uppennost 
member  of  the  trias.  That  it  is  really  triaasic  may  be  deduced  from  the 
folloiving  considerations.  In  Wurtemberg  there  are  two  "  bone-beds," 
one  of  great  extent,  and  very  rich  in  the  remains  of  fish  and  reptiles, 
which  intervenes  between  the  miischelkalk  and  keuper,  the  other,  con- 
taining the  Microlestes,  less  extensive  and  fossiliferous,  which  rests  on 
the  keuper,  or  superior  member  of  the  trias,  and  is  covered  by  the 
sandstone  of  the  lias.  The  Ias^mentioned  breccia  therefore  occupies  the 
same  space  as  the  well-known  English  "bone-bed"  of  Axmouth  and 
AusfrKiliff  near  Bristol,  which  is  shown*  to  include  characteristic  species 
of  muscheltalk  fish,  of  the  genus  Sauricthys,  Hybodus,  and  Gyrolepis, 
In  both  the  Wurtemberg  bone-beds  these  three  genera  are  also  found, 
and  one  of  the  species,  Sauricthys  Mougeotii,  is  common  to  both  the 
lower  and  upper  breccias,  as  is  also  a  remarkable  reptile  called  Notho- 
saurus  mirabilis.  The  Saurian  called  Belodon  by  H.  Von  Meyer  of  the 
Thecodont  family,  is  another  Triassic  form,  associated  at  Diegerioch  with 
Microlestes. 

Previous  to  this  discovery  of  Professor  Plieninger,  the  most  ancient  of 
known  fossil  Mammalia  were  tliose  of  the  Stonesfield  slafe,  a  subdivision 
of  the  Lower  Oohte,f  no  representative  of  this  class  having  as  yet  been 
met  with  in  the  Fuller's  earth,  or  inferior  Oolite  (see  Table,  p.  258),  nor 
in  any  member  of  the  lias. 

Thecodont  Saurians.—Ta\s  family  of  reptiles  is  common  to  the  Trias 
and  Permian  groups  in  Germany,  and  the  geologists  employed  in  the 
government  survey  of  Great  Britain  have  come  to  tlie  conclusion,  that 
the  rock  containing  the  two  species  alluded  to  at  p.  306,  and  of  which 
the  teefh  are  represented  in  figs.  348,  349,  ought  rather  to  be  referred  to 
the  Trias  than  fo  the  Permian  group. 

CRETACEOUS    GASTEKOPODA. 

In  speaking  of  the  chalk  of  Faxoe  in  Denmark  (p.  210),  or  the 
highest  member  of  the  Cretaceous  series,  I  have  remarked  that  it  is 
characterized  by  univalve  MoUusca,  both  spiral  and  patelliform,  which 
are  wanting  or  rare  in  (he  white  chalk  of  Europe.  This  last  state- 
ment requires,  I  find,  some  modification.  It  holds  true  in  regard  to 
certain  forms,  such  as  Cyprtea  and  Oliva,  found  at  Faxoe ;  but  M.  A. 
d'Orbigny  enumerates  24  species  of  Gasteropoda  from  the  white  chalk 
(Terrain  Senonien)  of  France  alone.  The  same  author  describes 
134  French  species  of  Gasteropoda  from  the  chloritie  chalk  mari  and 
upper  greensand   (Turonien),  11  from   the    gault,  and   90  from  the 

•  Manual,  p.  2S9.  |  Ibid.  p.  208. 
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lowar  jvteensand  (Neocomiai),  in  all  325  species  of  Gasteropoda, 
from  tlie  cretaceous  gTOup  below  tlie  Maestricht  beds.  Among  these 
lie  refers  1  to  tlie  genus  Mitra,  17  to  Fiisus,  17  to  Trochus,  4  to 
Emarginula,  and  36  to  Ceritbinm.  Notwithstanding,  therefore,  the  pe- 
culiarity of  the  chambered  univalves  of  various  genera,  so  abundant  in 
ttie  dialk,  the  Moliusea  of  the  period  approximate  in  character  to  the 
tertiary  and  recent  Fauna  far  more  than  was  formerly  supposed. 

Die OTYLBDO NOUS  LEAVES   IN  LOWJJK  CRETACEOUS   BTHATA. 

M.  Adolphe  Brongniart  when  founding  his  classification  of  the  fossil- 
iferoua  strata  in  reference  to  tlieir  imbedded  fossil  plants,  Iiaa  placed  the 
iiretaceous  group  in  the  same  division  with  the  tertiary,  that  is  to  say,  in 
his  "  Age  of  Angiosperms."*  This  arrangement  is  based  on  the  fact, 
that  the  cretaceous  plants  display  a  transition  character  from  the  vegeta- 
tion of  tlie  secondary  to  that  of  the  tertiary  periods.  Coniferie  and  Cyea- 
deje  still  flourished  as  in  the  preceding  oohtic  and  triassie  epochs ;  but 
with  these  fossils,  some  well-marked  leaves  of  dicotyledonous  trees  re- 
ferred to  several  species  of  the  genus  Credneria,  had  been  found  in  Ger- 
many in  the  Quader  Sand-stein  and  Planet-kalk.  Still  more  recently, 
Dr.  Debey  of  Aix-!a-ChapeI!e  has  met  witli  a  great  variety  of  other  leaves 
nf  dicotyledonous  plants  in  the  cretaceous  flora,f  of  which  he  enumeratea 
no  leas  than  26  s])ecies,  some  of  the  leaves  being  from  four  to  six  inches 
in  length,  and  in  a  beautiful  state  of  preservation.  In  tlie  absence  of 
the  organs  of  fructification  and  of  fossil  fmits,  the  number  of  species  may 
be  exaggerated ;  but  we  may  nevertheless  affiiia,  reasoning  from  our 
present  data,  that  in  the  lower  chalk  of  Aix-la-Chapelle,  Dicotyledonous 
Angiospenns  flourished  nearly  in  equal  proportions  witli  Gymnosperms ; 
a  fact  of  gi'cat  significance,  as  some  geologists  had  ivished  to  connect  Ihe 
rarity  of  dicotyledonous  ti'ees  with  a  peculiarity  in  the  state  of  the  at- 
mosphere in  the  earlier  ages  of  tlie  planet,  imagining  that  a  denser  air 
and  noxious  gases,  especially  carbonic  add  in  excess,  were  adverse  to  the 
prevalence,  not  only  of  the  quick-breathing  dasses  of  animals  (mammalia 
and  birds),  but  to  a  flora  like  that  now  existing,  while  it  favored  the 
predominance  of  reptile  life,  and  a  cryptogamic  and  gymnospennous 
flora.  The  coexistence,  tlierefore,  of  dicotyledonous  angiospenns  in 
abundance  with  Cycads  and  Coniferse,  and  witii  a  rich  reptilian  fauna 
comprising  the  Iguanodon,  Ichtliyosaurus,  Pliosaurus,  and  Pterodactyl, 
in  the  lower  cretaceous  series  tends,  like  the  oolitic  mammalia  of  Stones- 
field  and  Stut^art,  and  the  triassie  birds  of  Connecticut,  to  dispel  the 
idea  of  a  meteorological  state  of  tilings  in  the  secondary  periods  widely 
distinct  from  that  now  prevailing. 

Genm-al  remarks. — lii  the  preliminary  chapters  of  "  The  Principles  of 
Geology,"  in  the  first  and  subsequent  editions,  I  liave  considered  the 
question,  how  far  the  changes  of  the  earth's  crust  in  past  times  confirm 
or  invalidate  the  popular  hypothesis  of  a  gradual  improvement  in  the 

*  ForTermmologysceNote.p.  223.       f  Quiirt.  Jourit.  vol  vii.   Memnira,  p.  111. 
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habitable  condition  of  the  planet,  accompanied  by  a  eontemporaneons 
development  and  progi'Eisaion  in  orgaaie  life.  It  had  long  been  a  favorite 
theory,  that  in  the  earlier  ages  to  which  we  can  carry  back  our  geolo^eal 
researehes,  the  earth  was  shaken  by  more  frequent  and  terrible  earth- 
quakes than  now,  and  that  there  was  no  certainty  nor  stability  in  the 
order  of  the  natural  world.  A  few  sea-weeds  and  zoophytes,  or  plants 
and  animals  of  the  simplest  orgaaiization,  were  alone  capable  of  existing 
in  a  state  of  things  so  unfixed  and  unstable.  But  in  proportion  as  the 
conditions  of  existence  improved,  and  great  convulsions  and  catastrophes 
became  rarer  and  more  partial,  flowering  plants  were  added  to  the  crypfo- 
gamic  class,  and  by  the  introduction  of  more  and  more  perfect  species,  a 
varied  and  complex  flora  was  at  last  established.  In  like  manner,  in  the 
animal  kingdom,  the  zoophyte,  the  brachiopod,  the  cephalopod,  the  fish, 
the  reptile,  the  bird,  and  the  warm-blooded  quadruped  made  their  en- 
trance into  the  earth,  one  after  the  otlier,  until  finally,  after  the  close  of 
the  teitiary  period,  came  the  quadrumanons  mammalia,  most  nearly  re- 
sembling man  in  outward  form  and  internal  structure,  and  followed  soon 
afterwards,  if  not  accompanied  at  first,  by  the  human  race  itself. 

The  objecfions  which,  in  1830, 1  urged  against  tliis  doctrine,*  in  so 
far  as  relates  to  the  passage  of  the  earth  from  a  chaotic  to  a  more  settled 
condition,  have  since  been  embraced  by  a  lai^e  and  steadily  increasing 
school  of  geologists  ;  and  in  reference  to  the  animate  world,  it  will  be 
seen,  on  comparing  the  present  state  of  our  knowledge  with  that  which 
we  possessed  twenty  years  ago,  how  fiiily  I  was  justified  in  declaring  the 
insufBciency  of  the  data  on  which  such  bold  generahKations,  respecting 
progi'cssive  development,  were  based.  Speaking  of  Uie  absence,  from  the 
tertiary  formations,  of  fossil  Quadrumana,  I  observed,  in  1830,  that  "we 
had  no  right  to  expect  to  have  detected  any  remains  of  tribes  which  live 
in  trees,  until  we  knew  more  of  those  quadrupeds  which  frequent  marshes, 
rivers,  and  the  borders  of  lakes,  such  being  usually  first  met  with  in  a 
fossil  state."f  I  also  added,  "  if  we  are  led  to  infer,  from  the  presence  of 
crocodiles  and  turtles  in  the  London  clay,  and  from  the  cocoa-nuts  and 
spices  found  in  the  isle  of  Sheppey,  that  at  the  period  when  our  older 
tertiary  strata  were  formed,  the  dimate  was  hot  enough  for  the  Quadru- 
mana, we  nevertheless  could  not  hope  to  discover  any  of  their  skeletons 
until  we  had  made  considerable  progress  in  ascertaining  what  were  the 
contemporary  Pachydermata ;  and  not  one  of  these  has  been  discovereil 
as  yet  in  any  strata  of  this  epoch  in  England." 

Nine  years  afterwards,  when  these  fossil  Pachyderms  had  been  tonnd 
in  the  London  day,  and  in  the  sandy  strata  at  its  base,  the  remains  of  a 
monkey,  of  the  genus  Macacus,  were  detected  near  Woodbridge,  in  Siif- 
folk ;  and  other  Quadrumana  had  been  met  with,  a  short  time  previously, 
in  different  stages  of  the  tertiary  series,  in  India,  France,  and  Brazil. 

When  we  consider  the  small  area  of  the  earth's  snriace  hitherto  ex- 
amined geologically,  and  our  scanty  acquaintance  with  the  fossil  Verfe- 

*  Principles,  Ist  ed.  chapa,  v.  and  is.  \  Ibid,  p.  163. 
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brata,  eVtii  of  tlie  environs  of  gteM,  European  capitals,  it  is  truiy  stir- 
prising  tliat  any  naturalist  should  be  rasb  enoiigb  to  aissume  tliat  tlie 
Lower  Eocene  deposits  mark  the  era  of  tJie  first  creation  of  Quadrumana. 
It  is,  however,  still  more  unphilosophical  to  infer  from  a  single  extinct 
species  of  this  Older,  obtained  in  a  latitude  far  from  the  tropics,  that  the 
Eocene  Quadrumana  had  not  attained  as  high  a  grade  of  organization 
as  tiose  of  our  own  times,  when  the  naturalist  is  acquainted  with  all,  or 
nearly  all,  the  species  of  monkeys,  apes,  and  orangs  which  are  contem- 
porary witJi  man. 

To  retu  n  to  th  j  1830,  Mammalia  bad  not  then  been  traced  to 
rocks  of  higl  e  antti{n  t>  than  tlie  Stonesfield  Oolite,  whereas  we  have 
just  seen  that  m  m  al  f  this  class  have  at  length  made  their  api)ear- 
ance  in  the  T  a.  f  Germaiy.  In  1930  birds  had  been  discovered  no 
lower  in  the  s  than  the  Paris  gypsum,  or  Middle  Eocene.     Their 

bones  have  w  been  f  und  both  in  England  and  the  Swiss  Alps  in  the 
Lower  Eocene,  and  tlieir  existence  has  been  established  by  foot-prints  in 
thetriassic  epoch  in  North  America  (p.  29'7).  Reptiles  in  1830  had  not 
been  detected  in  rocks  older  than  the  Magnesian  limestone,  or  Peraiiaa 
formation ;  whereas  the  skeletons  of  four  species  have  since  been  bi-ought 
to  light  (see  p.  336)  in  the  coal-measures,  and  one  in  the  Old  Red  sand- 
stone of  Europe,  while  the  footprints  of  three  or  four  more  have  been 
observed  in  carboniferous  rocks  of  North  America,  not  to  mention  the 
chelonian  trail  above  described,  from  the  most  ancient  of  the  fossil ifei'ous 
I'ocks  of  Canada,  the  "  Potsdam  Sandstone,"  which  lies  at  the  base  of 
the  Lower  Silurian  sj'stem.     (See  above,  p.  vii.) 

Lastly,  the  remains  offish,  which  in  1830  were  scarcely  recognized  in 
deposits  older  than  tlie  coal,  have  now  been  found  plentifully  in  the  De- 
vonian, and  sparingly  in  the  Silurian,  strata;  though  not  in  any  fdrma- 
t"        t       h  high      t  q    ty      th    CI   1  f  Montreal. 

P    VI      !j  t    th    d  r;  1    t  m    t       d  it  was  by  no  means  un- 

f     I  \      tloitt      pi       tl       ifidence  of  flsh  as  having 

be  ted  It  pt  1         It  leem  1    easonable  to  suppose  that 

th       t    d  ct         1      p  rt     1       1  d     of  beings  into  the  planet 

d  1       d  t    w  tl  th  f  th     1 1    t   ock  to  which  the  remains 

f  tl    t    I'Jss  d      h  PI       11       t    h       been  traced  back.     To  be 

u>      t    t  with  th     Bel  es  th      am        t      1  1b  ought  now  to  take  for 

gr    ted  th  t      ptil  11  1      to    xi,  te  ce  before  flsh.     This  they 

will      f  d     beca  1  1  si  ild  mihtate  against  their 

t        te  hjp  th  f  sc     hng       1         cording  to  which  Nature 

1    d  th       g  H  d  nag  t        e  and  more  perfect  in  the 

1  p=     f  gea 

I       irfltatorr         t  1th       tl  views  on  such  a  question, 

t      uid  se  t  1  t    t       t    th        rine  invertebra1«  animals 

t        I        ft'dn^tlmt        jIt  of  monuments  that  have 

come  down  to  us,  and  where  we  can  find  corresponding  terms  of  com- 
parison, in  strata  of  every  age.  If,  in.  tliis  more  complete  series  of  her 
archives.  Nature  had  really  exhibited  a  more  simple  grade  of  organiza- 
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tion  in  foi^ils  of  tlie  remotest  antiquitj-,  we  might  have  suspected  that 
there  was  some  foundation  of  facts  in  the  theory  of  successive  develop- 
ment. But  what  do  we  find  1  In  the  Lower  Sjliman  there  is  a  full 
representation  of  the  Kadiata,  Mollusea,  and  Artieulata  proper  to  the 
sea.  The  marine  Fauna,  indeed,  in  those  three  classes,  is  so  rich  as  al- 
most to  imply  a  more  perfect  development  thaji  that  which  now  peoples 
the  (icean.  Thtia,  in  the  great  division  of  the  Eadiata,  we  find  asteroid 
and  hehanthoid  zoophytes,  besides  crinoid  and  cystidean  echinodenns. 
In  the  Mollusea  of  the  same  moat  ancient  epoch  M.  Barrande  enumerates, 
in  Bohemia  alone,  the  astonishing  number  of  253  species  of  Cephalo- 
poda. In  the  Artieulata  we  have  the  crustaceans,  represented  by  more 
than  200  species  ofTrilobitea,  not  to  mention  other  genera. 

It  is  only  then,  in  reference  to  the  Vertebrata,  that  the  argument  of 
'degeneracy  in  proportion  as  we  trace  fossils  back  to  older  formations  can 
be  mjuntained  ;  and  the  dogma  rests  mainly  for  its  support  on  negative 
evidence,  whether  deduee<.l  from  the  entire  absence  of  the  fossil  ?epresentr 
ativcs  of  cerUin  classes  in  particular  rocks,  or  the  low  grade  of  the  firat 
few  species  of  a  class  which  chance  has  thrown  in  our  way. 

The  scarcity  of  all  memoriais  of  birds  in  strata  below  the  Eocene,  has 
been  a  subject  of  surprise  to  some  geologists.  The  bones  formerly  re- 
ferred to  birds  in  the  Wealden  and  Chalk,  are  now  admitted  to  have 
belonged  to  fiying  reptiles,  of  various  sizes,  one  of  them  from  the  Kent- 
ish chalk  so  large  as  to  have  measured  16  feet  C  inches  from  tip  to  tip 
of  its  outstretched  wings.  Whether  some  elongated  bones  of  the  Stones- 
field  Oolitfl  shonkl  be  referred  to  birds,  which  they  seem  greatly  to  re- 
semble in  microscopic  stmeture,  or  to  Plerodactyles,  is  a  point  now  undei- 
investigation.  If-  it  should  be  proved  that  no  osseous  remains  of  the 
class  Aves  have  hitherto  been  derived  from  any  secondary  or  primary 
formation,  we  must  not  too  hastily  conclude  that  birds  were  even  scarce 
in  these  periods.  The  rarity  of  such  fossils  in  the  Eocene  marine  strata 
is  very  stiiking.  In  1S4C,  Professor  Owen,  in  his  "History  of  tiie  Fossil 
Mammalia  and  Birds  of  Great  Britain,"  was  unable  to  obtain  more  than 
four  or  five  fragments  of  bones  and  skiills  of  bii-ds  irom  the  London  clay, 
by  the  aid  of  whidi  four  species  were  recognized.  Even  so  recently, 
therefore,  as  1846,  as  much  was  known  of  the  Mammalia  of  the  Stones- 
field  Oolite,  as  of  the  ornithic  Fauna  of  our  English  Eocene  deposits. 

To  reason  eon'ectly  on  the  value  of  negative  facta  in  this  brandi  of 
Paleontology,  wo  must  first  have  ascertained  how  far  the  relics  of  birds 
are  now  becoming  preserved  in  new  strata,  whether  marine,  fluviatile,  ov 
lacustrine.  I  have  ex]^)lained,  in  the  "  Principles  of  Geology,"  tliat  the 
imbedding  of  the  bones  of  living  birds  in  deposits  now  in  progress  in 
inland  lakes  appears  to  be  extremely  rare.  In  the  shell-mari  of  Scotland, 
which  is  made  up  bodily  of  the  shells  of  the  genera  Limneus,  Planorbis, 
Sucdnea,  and  Valvata,  and  in  which  tlie  skeletons  of  deer  and  oxen 
abound,  we  find  no  bones  of  biids.  Yet  we  know  tliat,  before  the  lakes 
were  draine<l  which  yield  thb  marl  used  in  agricultui'e,  tlie  surface  of 
the  water  and  the  boiiiering  swamps  were  covered  with  wild  ducks. 
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Iierons,  and  otlier  fowl.  They  left  no  memorials  behind  them,  hecaiiso. 
if  they  perished  on  the  land,  their  bodies  decomposed  or  became  tlie 
prey  of  carnivorous  animals ;  if  on  the  water,  they  were  buoyant  and 
floated  till  they  were  devoured  by  predaceoua  flsh  or  birds.  The  same 
causes  of  obliteration  have  no  power  to  efface  the  footprints  which 
the  same  creatures  may  leave,  under  favorable  circumstances,  iin- 
printed  on  an  ancient  mnd-bant  or  shore,  on  which  new  strata  may  be 
from  time  to  time  thrown  down.  In  the  red  mud  of  recent  origin  spreinl 
over  wide  areas'  by  the  high  tides  of  the  bay  of  Fundy,  inmimerable  foot- 
ttacks  of  recent  birds  (Tringa  miauta)  are  preserved  in  successive  layers, 
and  hardened  by  the  sun.  Yet  none  of  the  bones  of  these  birds,  though 
diligently  searched  for,  have  yet  been  discovered  in  digging  trenches 
tlirough  the  red  mud.  It  is  ti'ue  that,  in  a  few  spots,  the  bones  of  bii'ds 
have  been  met  with  plentifully  in  the  older  teitiary  strata,  but  always  in 
rocks  of  freshwater  origin,  such  as  ilie  Paris  gypsum  or  the  lacustrine 
limestone  of  the  Limagne  d'Anvergne.  In  strata  of  the  same  age,  in 
Belgium  and  other  European  countries,  or  in  the  United  States,  where 
no  less  careftil  search  Jias  been  made,  few,  if  any,  fossil  birds  have  come 
to  light. 

We  ought,  therefore,  most  clearly  to  perceive  that  it  is  no  part  of  the 
plan  of  Nature  to  hand  down  to  after  times  a  complete  or  systematic 
record  of  the  former  history  of  the  animate  world  The  preservation  of 
the  relics,  even  of  aquatic  tribes  of  animals,  is  an  exception  to  the  gen- 
eral rule,  although  time  may  so  multiply  exceptional  cases  that  they 
may  seem  to  constitute  the  rule  ;  and  may  thus  impose  upon  the  imagina- 
tion, leading  us  to  infer  the  non-existence  of  creatures  of  which  no  mon- 
uments are  extant.  Hitherto  our  acijuaintance  with  tho  birds,  and  even 
the  Mammalia,  of  the  Eocene  period  has  depended,  almost  everywhere, 
on  single  specimens,  or  on  a  few  individuals  found  in  one  spot.  It  has 
therefore  depended  on  what  we  commonly  call  diance ;  and  we  imist  not 
wonder  if  the  casual  discovery  of  a  tertiary,  secondary,  or  primary  rock, 
rich  in  fossil  impressions  of  tiie  footprints  of  birds  or  quadnipeds,  should 
modify  or  suddenly  overthrow  all  theories  based  on  negative  fects. 

The  chief  reason  why  we  meet  more  readily  with  the  remains  of  every 
class  in  tertiary  than  in  secondary  strata,  is  simply  that  the  older  tocks 
are  more  and  more  exclusively  maiine  in  proportion  as  we  depart  iarther 
and  farther  from  periods  during  which  the  existing  continents  were  built 
up.  The  secondary  and  primary  formations  are,  for  the  most  part,  ma- 
rine,— not  because  the  ocean  was  more  universal  in  past  times,  but  be- 
cause tiie  epochs  which  preceded  the  Eocene  were  so  distant  from  our 
own,  that  entire  continents  have  been  since  suhmei'ged. 

I  have  alluded,  at  p.  208,  to  Mr.  Darwin's  account  of  tiie  South  Ameri- 
can Ostriches,  seen  on  the  coast  of  Buenos  Ayres,  waiting  at  low  water 
over  extensive  mud-hanks,  which  are  then  diy,  for  Uie  sake  of  feeding  on 
small  fish.  Periiaps  no  bird  of  such  perfect  organization  as  tiie  eagle  or 
vulture  may  ever  accompany  these  ostriches.  Certainly,  we  cannot  ex- 
pect the  condor  of  the  Andes  to  leave  its  trail  on  such  a  shore ;  and  no 
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traveller,  after  searching  for  fcMjtprints  along  tlie  whole  eastern  coast  of 
South  America,  would  venture  fo  speculate,  from  the  results  of  such  an 
inquiry,  on  the  extent,  variety,  or  development  of  tlie  feathered  Fauna  of 
the  interior  of  that  continent. 

,  The  absence  of  Cetaeea  from  rocJra  older  than  the  Eocene  has  been 
frequently  adduced  as  lending  countenance  fo  tlie  theory  of  the  Iat«  ap- 
pearance of  the  highest  class  of  Verfebrata  on  the  earth.  That  we  have 
hitherto  failed  to  detect  them  in  the  Oolite  or  Trias,  does  not  imply,  as 
we  have  now  seen,  that  Mammaha  were  not  tJien  created.  Even  in  the 
Eocene  strata  of  Europe,  the  discovery  of  Cetaceans  has  never  kept  pace 
with  that  of  land  quadrupeds.  The  only  instance  cited  in  Great  Britain 
is  a  species  of  Monodon,  from  the  London  clay,  of  doubtful  authenticity 
as  to  its  geological  position.  On  the  other  hand,  the  gigantic  Zeuglodon 
of  North  America  (see  p.  20Y),  occurs  abundantly  in  the  Middle  Eocene 
strata  of  Geor^a  and  Alabama,  from  which  as  yet  no  bones  of  land 
quadrupeds  have  been  obained. 

Professor  Sedgwict  states  in  a  recent  work,*  that  he  possesses  in  the 
Woodwardian  Museum,  a  m^s  of  anchylosed  cervical  vertebrie  of  a 
whale  which  he  found  near  Ely,  and  which  he  believes  to  have  been  washed 
out  of  the  Kimmeridge  clay,  a  member  of  the  Upper  Oolite ;  but  its 
true  geolo^cal  sit«  is  not  well  determined.  It  differs,  says  Professor 
Owen,  from  any  otlier  known  fossil  or  recent  whale. 

In  the  present  imperfect  state  then  of  our  information,  we  can  scarcely 
say  more  than  that  the  Cetaeea  may  have  been  scarce,  in  the  secondary 
and  primary  periods.  It  is  quite  conceivable  that  when  aquatic  saurians, 
some  of  them  carnivorous,  hke  the  Ichthyosaurus,  were  swarming  in  the 
sea,  and  when  there  were  large  herbivorous  reptiles,  like  the  Iguanodon, 
on  the  land,  such  reptiles  may,  to  a  certain  extent,  have  superseded  the 
Cetaeea,  and  discharged  their  functions  in  the  animal  economy. 

The  views  which  I  proposed  originally  in  the  Principles  of  Geology 
in  opposition  to  the  theory  of  progressive  development  may  be  thus 
briefly  explained.  From  the  earliest  period  "at  which  plants  and  animals 
can  be  proved  to  have  existed,  there  has  been  a  continual  change  going 
on  in  the  position  of  land  and  sea,  accompanied  by  great  fluctuations  of 
climate.  To  these  ever-varying  geographical  and  dimatal  conditions 
the  state  of  the  animate  world  has  been  imceasingly  adapted.  No  satr 
isfectory  proof  has  yet  been  discovered  of  tiie  gradual  passage  of  the 
eartli  from  a  chaotic  to  ft  more  habitable  state,  nor  of  a  law  of  progres- 
sive development  governing  the  extinction  and  renovation  of  species,  and 
causing  the  Fauna  and  Flora  to  pass  from  an  embryonic  to  a  more  pei'- 
fect  condition,  from  a  simple  to  a  more  complex  organization. 

The  principle  of  adaptation,  above  alluded  to,  appears  to  have  been 
analogous  to  that  which  now  peoples  the  arctic,  temperate,  and  tropical 
regions  contemporaneously  witii  distinct  a^iemblages  of  species  and 
genera,  or  which  independentiy  of  mere  temperature  gives  rise  to  a  pre- 

*  Prufflce  to  5tb  ed,  of  Studies  of  Uiiivemty  of  Cambi-idge. 
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dominance  ot  the  mar&upial  tnle  of  quadrupeds  in  Australia,  atid  of  tlie 
placental  tnbe  m  Asia  ml  Euioje  or  to  a  proiiision  of  reptiles  ivitfiout 
mamraaJia  in  the  Galapaaos  irJiipelago,  and  of  maiamaha  without 
reptiles  in  Greenland  * 

This  theory  imphes  ahamt  necessarily,  a  very  unequal  representation 
atsiiccessiie  leriois  of  the  pnncpal  classes  and  ordere  of- plants  and 
imimals,  if  n  t  m  tlio  whole  gl  he  at  least  througliout  veiy  wide  areas. 
Thus,  for  example  the  proport  ou^l  number  of  genera,  species,  and  indi- 
viduals in  the  vPrtehnte  cl-aa  miy  differ,  in  two  different  and  distinct 
epochs,  to  an  extent  un]  irallded  I  j  any  two  contemporaneous  Faiuias, 
because  ia  the  course  of  milhons  of  ages,  the  contrast  of  climate  and 
geographical  conditi  na  may  exuied  the  difterence  now  observable  in 
polar  and  equatoiial  latitudes 

I  shall  conclude  by  observing  tint  if  the  doctrine  of  successive  de- 
velopment had  been  pnlecnt  Ino  c'illv  true,  as  tlie  new  discoveries  above 
enumerated  show  that  it  is  not;  it  tlie  sponge,  tlie  cephalopod,  the  fish, 
the  reptile,  the  bird,  and  the  raauimifer  had  followed  each  other  in  regu- 
lar chronologieal  order— the  ci'eation  of  each  class  being  separated  from 
■the  other  by  vast  intervals  of  time ;  and  if  it  were  admitted  that  Man 
was  creat«d  last  of  aJJ,  still  we  should  by  no  means  be  able  to  recognize, 
in  his  entrance  upon  the  earth,  the  last  teim  of  one  and  the  same  series 
of  progressive  developments.  For  the  superiority  of  Man,  as  compared 
to  the  irrational  mammalia,  is  nne  of  kind,  rather  than  of  degree,  con- 
sisting in  a  rational  and  moral  nature,  wifli  an  intellect  capable  of  in- 
definite progi'ession,  and  not  in  the  perfeefion  of  hia  physical  organiza- 
tion,^ or  those  instincts  in  which  he  resembles  the  brutes.  He  may  be 
considered  as  a  Jink  in  the  same  unbroken  chain  of  being,  if  we  reg«rd 
him  simply  as  a  new  species — a  member  of  tiie  animal  kingdom — subject, 
like  other  species,  to  ceitain  fixed  and  invariable  laws,  aiid  adapted  like 
them  to  the  state  of  the  animate  and  inanimate  worid  prevailing  at  the 
time  of  his  creation.  Physically  considered,  be  may  form  part  of  an 
indefinite  series  of  terrestrial  changes  past,  present,  and  to  come  ;  but 
moiaily  and  intellectually  he  may  belong  to  anotiier  system  of  things— 
of  things  immaterial— a  system  which  is  not  pennitfed  to  interrupt  or 
disturb  tii<  course  of  the  material  worid,  or  the  laws  whtdi  govern  its 
changes  f 

*  Principles.  4th  ed.  1885,  vol  L  p.  231 ;  and  vol.  i.  chap.  9,  Bubaeqnent  ed. 

t  In  mj  Aunivbi'«iry  Addreaa  for  1851,  to  the  Qeological  Society,  the  reader 
will  find  a  full  diaciiasion  of  the  facts  and  arguments  whicli  bear  on  flio  theory  of 
progressive  devalopment.— Quarf.  Journ.  Geol.  Soe.  vol.  vii. 
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MANUAL 


ELEMENTARY   GEOLOGY. 


Geology  defined — Snecessiva  formation  of  the  earth's  cmsf — ClasBifioatioii  of 
rocks  aceordiog  to  their  origin  and  age — Aqueous  roeks — TTieu'  Btratification 
avid  imbedded  fossils — Volcanic  racks,  with  and  witbout  cones  and  crnterB — 
Plutonic  rocks,  and  their  relation  1«  the  volcanic — Metamorphic  rocks  and  tlieir 
probable  origm — The  term  primitive,  why  erroneously  applied  to  the  crystal- 
line formations — Leading  division  of  the  work. 

Of  what  materiala  is  the  earth  composed,  and  in  what  manner  are  these 
materials  arranged !  These  are  the  first  inqniries  ivith  whidi  Geologj- 
is  occupied,  a  scieno«  which  derives  its  name  fi'om  the  Greek  -fii,  ge,  tlie 
eiirth,  and  Xo/d£,  logos,  a  discourse.  Previously  to  experieuce,  we  might 
have  imagined  that  investigations  of  this  kind  would  relate  exclusively 
to  the  mineral  Tringdom,  and  to  the  various  rocks,  soils,  and  metals, 
which  occur  upon  the  surface  of  the  earth,  or  st  various  depths  beneath 
it.  But,  in  pursuing  such  research(»,  we  soon  find  ourselves  led  on  to 
consider  the  successive  changes  which  have  taken  place  in  the  former 
state  of  tie  earth's  surface  and  interior,  and  the  causes  which  have  given 
rise  to  these  changes  ;  and,  what  is  still  more  singiilar  and  unexpected, 
1  hecome  engaged  in  researehes  into  the  history  of  the  animate 
1,  or  of  the  various  trihes  of  animals  and  plants  which  have,  at 
diiferent  periods  of  the  past,  inhabited  the  globe. 

All  are  aware  that  the  solid  parts  of  the  earth  consist  of  distinct  sub- 
stances, such  as  clay,  chalk,  sand,  limestone,  coal,  slate,  granite,  and  tlie 
like;  but  previously  to  observation  it  is  commonly  imagined  that  all 
tJiese  had  remained  from  the  first  in  the  state  in  wiich  we  now  see 
them, — that  they  were  created  in  their  present  form,  and  in  their  present 
position,  The  geologist  soon  comes  to  a  different  conclusion,  discovering 
proofe  that  the  external  parte  of  the  earth  were  not  all  produced  in  the 
beginning  of  tilings,  in  the  state  in  which  we  now  behold  them,  nor  in 
an  instant  of  time.  On  the  contrary,  he  can  show  that  they  have  acquired 
iiicir  actual  configuration  and  condition  gradually,  under  a  great  variety 
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of  eircumstanees,  and  at  aueoeasive  periods,  daring  each  of  which  distinct 
races  of  living  beinga  have  flourished  on  the  land  and  in  the  waters,  tlae 
lemains  of  these  creatures  still  lying  buried  in  the  crust  of  the  earth. 

By  tlie  "  earth's  crust,"  is  meant  that  smaJl  portion  of  the  exterior  of 
our  planet  which  is  accessible  to  human  obaenration,  or  on  which  we  are 
enabled  to  reason  by  observations  made  at  or  near  tlie  suriace.  These 
reasonings  may  extend  to  a  depth  of  several  miles,  perhaps  ten  miles  ; 
and  even  then  it  may  be  said,  that  auch  a  thickness  is  no  more  than  ^^ 
part  of  the  distance  from  the  surface  to  the  centre.  The  remark  as  just ; 
but  although  the  dimensions  of  such  a  crust  are,  ia  truth,  insignificant 
when  compared  to  the  entire  globe,  yet  they  are  vast,  and  of  magnificent 
extent  in  relation  to  man,  and  to  the  organic  beinga  which  people  our 
globe.  Referring  to  this  standard  of  magnitude,  the  gecdogist  may 
admire  the  ample  limits  of  his  domain,  and  admit,  at  the  same  time;, 
that  not  only  the  exterior  of  the  planet,  but  the  entire  eartli,  is  but  ai: 
atom  in  the  midst  of  the  countless  worlds  surveyed  by  the  astronomer. 

The  materials  of  thia  crust  are  not  thrown  together  confusedly ;  but 
distinct  mineral  masses,  calle<l  rocks,  are  found  to  occiipy  definite  spaces, 
and  to  exhibit  a  certain  order  of  aiTangement.  The  term  rock  is  applied 
indifferently  by  geologists  to  all  these  sutetancea,  whether  they  be  soft  of 
stony,  for  clay  and  sand  are  included  in  the  term,  and  some  have  ereu 
brought  peat  under  this  denomination.  Oui'  older  writers  endeavored 
to  avoid  offering  such  violence  to  our  language,  by  speaking  of  the  com- 
ponent materials  of  the  earth  as  consisting  of  rocks  and  ioits.  But  tliere 
is  often  so  insensible  a  passage  from  a  soft,  and  incoherent  state  to  that 
of  stone,  that  geolo^ats  of  all  countries  have  found  it  indispensable  to 
have  one  technical  t«rm  to  include  both,  and  in  this  aenae  we  find  roche 
applied  in  Fi'ench,  rocca  in  Italian,  tmAfelsart  in  German,  The  beginner, 
however,  must  constantly  bear  in  mind,  that  the  term  rock  by  no  mean^. 
imphes  that  a  mineral  m^s  is  in  an  ind«rate<l  or  atony  condition. 

The  most  natural  and  con*  enient  mode  of  cla'^sitvmg  fke  vanous  rof  k-- 
which  compose  the  earth's  crust,  is  to  refer,  in  the  first  place,  to  theii 
origin,  and  in  the  second  to  their  relitive  age  I  shall  therefore  begin 
by  endeavoring  bneflj  to  explain  to  the  student  how  all  rocks  mij  be 
divided  into  four  gieat  classes  by  reference  to  tlieii  different  oiigin,  oi,  m 
other  words,  by  reterence  to  the  different  eirtumstances  and  causes  by 
which  they  have  been  pioduceil 

The  first  two  divisions,  which  will  at  once  be  understood  is  natural, 
are  the  aqueous  and  volcanic,  or  tlie  prodnds  ot  watery  and  those  of 
igneous  action  at  or  near  the  surface. 

Aqueous  rocks. — The  aqueous  rocks,  sometimes  called  the  sedimentarj-, 
or  fossiliferous,  cover  a  larger  part  of  the  earth's  surface  than  any  othera. 
These  rocks  are  stratified,  or  divided  into  distinct  layers,  or  strata.  The 
term  stratum  means  simply  a  bed,  or  any  thing  spread  out  or  strewed 
over  a  given  surface  ;  and  we  infer  that  tlieae  strata  have  been  genei'ally 
spread  out  by  the  action  of  water,  from  what  we  daily  see  taking  place 
near  the  mouths  of  livers,  or  on  the  land  during  temporary  inundation  a. 
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For,  whenever  a  nmning  stream  charged  with  mud  or  eand,  has  its  ve- 
locity checked,  iia  when  it  enters  a  lake  or  sea,  or  overflowa  a  plain,  the 
sediment,  previously  held  in  suspension  hy  the  motion  of  the  water, 
sinks,  hy  ils  own  gi'avity,  to  the  bottom.  In  this  manner  layers  of  mud 
and  sand  are  thrown  down  one  upon  another. 

If  wa  dcain  a  lake  which  has  heen  fed  by  a  small  stream,  we  frequently 
find  at  the  hottom  a  series  of  deposits,  disposed  with  considerable  regu- 
larity, one  above  the  other ;  the  uppermost,  perhaps,  may  be  a  stratum 
of  peat,  nest  helow  a  more  dense  and  sohd  variety  of  the  same  material ; 
stiU  lower  a  bed  of  shell-marl,  alternating  wth  peat  or  sand,  and  then 
other  beds  of  marl,  divided  by  layers  of  day.  Now,  if  a  second  pit  be 
sunk  througli  the  same  continuous  lacustrine /fwmaiiore,  at  some  distance 
from  the  firet,  neaily  the  same  series  of  beds  is  commonly  met  with,  yet 
with  slight  variations  ;  some,  for  example,  of  the  layers  of  sand,  day,  or 
marl,  may  be  wanting,  one  or  more  of  them  having  thinned  out  and 
given  place  to  others,  or  sometimes  one  of  the  masses  first  examined  is 
observed  to  increase  in  tliickness  to  the  exduaion  of  other  beds. 

The  term  "formation,"  which  I  have  used  in  the  above  explanation, 
expresses  in  geology  any  assemblage  of  rocks  which  have  some  character 
in  common,  whether  of  origin,  age,  or  composition.  Thus  we  speak  of 
stratified  and  unstratified,  ft«shwater  and  marine,  aqueous  and  volcanic, 
ancient  and  modem,  metaUiferons  and  non-metalliferous  fonnations. 

In  the  estuaries  of  large  rivera,  sudi  as  the  Ganges  and  the  Mississippi, 
we  may  observe,  at  low  water,  phenomena  analogous  to  those  of  the 
drained  lakes  above  mentioned,  but  on  a  gi'andev  scale,  and  extending 
over  areas  several  hundred  miles  in  length  and  breadth.  When  the  pe- 
riodical inimdations  subside,  the  rivei'  hollows  out  a  channel  to  the  depth 
of  many  yards  through  horizontal  beds  of  day  and  sand,  the  ends  of 
whidi  are  seen  exposed  in  perpendicular  difls.  These  beds  vaiy  in  color, 
and  are  occasionally  characterized  by  containing  drift-wood  or  shells. 
The  shells  may  belong  to  species  peculiar  to  the  river,  but  are  sometimes 
those  of  maiine  testacea,  washed  into  the  moutli  of  the  estuary  during 
sfonns. 

The  annual  floods  of  tlie  Nile  in  Egypt  are  well  known,  and  the  fertile 
deposits  of  mud  which  ^ey  leave  on  the  plains.  This  mud  is  strail_fied, 
the  thin  layer  thrown  down  in  one  season  differing  slightly  in  color  from 
that  of  a  previous  year,  and  being  separable  from  it,  aa  has  heen  observed 
in  excavations  at  Cairo,  and  other  places.* 

Wlien  beds  of  sand,  clay,  and  marl,  contammg  ahelK  and  vegetable 
matter,  are  found  arranged  in  a  similar  manner  in  the  inferior  of  the 
earth,  we  ascribe  to  them  a  similar  origin  ;  and  the  more  we  examine 
their  characters  in  minute  detail,  the  more  exact  do  we  find  the  resem- 
blance. Thus,  for  example,  at  various  heights  and  depths  in  tJie  earth, 
and  often  far  fiom  seas,  lakes,  and  rivers,  we  meet  with  layers  of  rounded 
pebbles  composed  of  different  rocks  mingled  together.    They  are  like 

*  Spis  Principles  of  Geology,  by  tliG  AuthDr,  Iiidtx,  "  Nile,"  "  Rivers,"  &C. 
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the  shingle  of  a  sea-beach,  or  pebbles  formed  in  the  beds  of  torrents  and 
rivers,  ivMch  ai-e  carried  down  into  the  ocean  wherever  these  descend 
from  high  groimda  bordering  a  coast  There  the  gravel  b  spread  out 
by  the  waves  and  currents  over  a  considerable  space ;  but  duiiiig  seasons 
of  drought  the  torrents  and  liveiB  are  nearly  dry,  and  have  only  power 
to  convey  fine  sand  or  mud  into  tlie  sea.  Hence,  alternate  layers  of 
gravel  and  fine  sediment  aceamulaf«  under  water,  and  such  alternations 
are  found  by  geolog^ta  in  the  ijiterior  of  every  continent.* 

If  a  stratified  arrangement,  and  the  rounded  forms  of  pebbles,  are 
alone  sufBdent  to  lead  iia  to  the  conclusion  that  certain  rocks  originated 
under  water,  this  opinion  is  fertlier  confirmed  by  the  distinct  and  inde- 
pendent evidence  of  Jbsaih,  so  abimdautly  included  in  tlie  earth's  crust. 
By  a.  fossil  is  meant  any  body,  or  the  ti'aces  of  the  existence  of  any  body, 
whether  animal  or  vegetable,  which  has  been  buried  in  the  earth  by 
natural  causes.  NoW  the  remains  of  animals,  especially  of  aquatic 
species,  are  found  almost  eveiywhere  imbedded  in  stratified  rocks,  and 
sometimes,  in  the  case  of  limestone,  they  are  in  sudi  abundance  as  to 
constitute  the  entire  mass  of  the  locfe  itself.  Shells  and  corals  axe  the 
most  frequent,  and  with  tliem  are  often  afsociated  the  bones  and  teeth 
of  fishes,  fragments  of  wood,  imprssions  of  leaves,  and  other  organic 
substances.  Fossil  shells,  of  forms  such  as  now  abonnd  in  the  sea, 
are  met  witli  far  inland,  both  neai'  the  sur&ee,  and  at  great  depths  below 
it.  They  occur  at  all  heights  above  the  level  of  the  ocean,  having  been 
obseiTcd  at  elevations  of  8000  feet  in  tlie  Pyrenees,  10,000  in  the  Alps, 
13,000  in  the  Andes,  and  above  16,000  feet  m  the  Hmialayas.f 

These  shells  belong  mostly  to  maiine  testaeea,  but  in  some  places  ex- 
clusively to  forms  characteristic  of  lakes  and  riveis.  Hence  it  is  concluded 
that  some  ancient  strata  were  deposited  at  the  bottom  of  the  sea,  and 
otlieis  in  lakes  and  estuaries. 

When  geology  was  first  cultivated,  it  was  a  general  behef^  tliat  these 
maiine  shells  and  other  fossils  wei-e  the  effects  and  proofs  of  the  deluge 
of  Noah ;  but  all  who  have  carefully  investigated  the  phenomena  have 
long  rejected  this  doctrine.  A  ti'ansient  flood  might  be  supposed  to  leave 
behind  it,  here  and  there  upon  the  surface,  scattered  heap  of  mud,  sand, 
and  shingle,  with  shells  confusedly  intennixed ;  but  the  strata  containing 
fossib  are  not  snperfidal  deposits,  and  do  not  simply  covei'  the  earth,  but 
constitute  the  entire  mass  of  mountains.  Nor  are  the  fossils  mingled 
without  reference  to  the  original  habits  and  natures  of  the  creatures  of 
which  they  ai'e  tbe  memorials ;  those,  for  example,  being  found  assod- 
ated  together  which  lived  in  deep  or  in  shallow  water,  near  the  shore  or 
iar  from  it,  in  brackish  or  in  salt  water. 

It  has,  moreover,  been  a  favorite  notion  of  some  modern  writers,  who 
were  aware  that  fossil  bodies  could  not  all  be  referred  to  the  dduge, 
that  they,  and  the  strata  in  which  they  are  entombed,  might  have  been 
deposited  in  the  bed  of  the  ocean  during  the  period  which  intervened 

•f  See  p.  18.  t  See  GeogrnpL.  Joutn.  vd.  iv.  p.  64. 
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between  the  creatioa  of  man  and  tJie  deluge.  They  have  ima^ned 
tliat  the  nnte^likivian  bed  of  the  ocean,  after  having  been  the  leeeptacle 
of  many  stratified  deposits,  became  converted,  at  the  time  of  the  flood, 
into  the  lands  which  Tve  inhabit,  and  that  tie  ancient  continents  were  at 
the  same  time  snbmeiged,  and  t>eeame  tlie  bed  of  the  present  sea. 
This  hypotlieais,  although  preferable  to  the  dilnvial  theory  before  alluded 
fo,  since  it  admits  that  aS  fossiUferons  strata  were  successively  thrown 
down  from  water,  is  yet  wholly  inadequate  to  explmn  the  I'epeated  revo- 
lutions which  the  earth  has  undergone,  and  the  signs  which  the  existing 
continents  exMbit,  in  most  regions,  of  having  emerged  from  flie  ocean  at 
an  era  fer  more  remote  than  four  thousand  years  from  the  present  time. 
Ample  proofe  of  these  reiterated  revolutions  iviK  be  given  in  the  sequel, 
and  it  will  be  seen  that  many  distinct  seta  of  sedimentary  strata,  each 
several  hmidreds  or  thousands  of  feet  thick,  are  piled  one  upon  tlie  other 
in  tiie  earth's  crust,  each  containing  peculiar  fossil  animals  and  plants 
which  are  distinguishable  -vvith  few  exceptions  from  species  now  living. 
The  mass  of  some  of  these  strata  consists  almost  entirely  of  corals,  others 
are  made  up  of  shells,  others  of  plants  turned  into  coal,  while  some  are 
without  fossils.  In  one  set  of  strata  tiie  species  of  fossils  are  marine ; 
in  another,  lying  immediately  above  or  below,  they  as  clearly  prove 
that  the  deijosit  was  formed  in  a  bractkh  estuary  or  lake.  When  the 
student  has  more  frUly  examined  into  these  appearances,  he  will  become 
convinced  that  the  time  required  for  the  origin  of  the  rocks  composing 
tiie  actual  continents  must  have  been  far  greater  than  that  which  is  con- 
ceded by  the  theory  above  alluded  to ;  and  likewise  that  no  one 
KnivenBai  and  sudden  conversion  of  sea  into  land  will  accoimt  for  geo- 
logical appearances. 

We  have  now  pointed  out  one  great  class  of  rocks,  which,  however 
they  may  vary  in  mineral  composition,  color,  grain,  or  othei-  characters, 
external  and  internal,  may  nevertheless  be  gi'ouped  together  as  having  a 
common  origin,  Tliey  have  all  been  formed  under  water,  in  the  same 
manner  as  modem  accumulations  of  sand,  mud,  shingle,  banks  of  shells, 
reefe  of  coral,  and  the  like,  and  are  aE  characterized  by  stratification  or 
fossils,  or  by  botli. 

Volcanic  rocks. — The  division  of -rocks  which  we  may  next  consider 
are  the  volcanic,  or  those  which  have  been  produced  at  or  near  the  sur- 
fece  whefier  in  andent  or  modem  times,  not  by  water,  but  by  the  action 
of  fire  or  subterranean  heat  These  rocks  are  for  the  most  part  xmstrat- 
ified,  and  are  devoid  of  fossils.  They  are  more  partially  distributed  than 
aqueous  formations,  at  least  in  respect  to  horizontal  extension.  Among 
those  parts  of  Europe  where  they  exhibit  characters  not  to  he  mistaken, 
I  may  mention  not  only  Sidly  and  the  country  round  Naples,  but  Au- 
vergne,  Velay,  and  VivarMs,  now  the  departments  of  Puy  de  Dome, 
Haute  Loire,  and  ArdSche,  towards  the  centre  and  soitf^  of  France,  in 
which  are  several  hundred  conical  hills  having  the  forms  of  modem  vol- 
canoes, with  craters  more  or  less  perfect  on  many  of  their  summits.  These 
cones  ate  composed  moreover  of  kva,  sand,  and  ashes,  similar  to  those 
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of  active  volcanoes.  Streams  of  lava  may  sometimes  be  traced  from  tlie 
cones  info  the  adjoining  valleys,  where  they  have  choked  up  the  ancient 
channels  of  rivers  with  solid  rock,  in  the  same  manner  as  some  modem 
floivs  of  lava  in  Iceland  have  been  kaown  to  do,  the  rivers  either  floiying 
beneath  or  cutting  out  a  narrow  passage  on  one  side  of  the  lava.  Al- 
though none  of  these  Fi'cnch  volcanoes  kave  been  in  activity  within  tie 
period  of  history  or  ti'adition,  tkek  forma  are  often  very  perfect.  Some, 
however,  have  been  compared  to  the  mere  skeletons  of  volcanoes,  the 
rains  and  torrents  having  washed  their  sides,  and  removed  all  tlie  loose 
sand  and  scorite,  leaving  only  the  harder  and  more  solid  materials.  By 
tiiis  erosion,  and  by  earthquakes,  their  internal  structure  has  occasionally 
been  laid  open  to  view,  in  fissures  and  ravines ;  and  we  flien  behold  not 
only  many  successive  beds  and  masses  of  porous  lava,  sand,  and  scori;e, 
but  also  perpendicidar  walls,  or  dikes,  as  they  are  called,  of  volcanic 
rock,  wbidi  have  burst  through  tte  other  materials.  Such  dikes  are 
also  observed  in  the  stmcture  of  Vesuvius,  Etna,  and  other  active 
volcanoes.  They  have  been  formed  by  the  pouring  of  melted  matter, 
whethei'  from  above  or  below,  into  open  fissures,  and  they  commonly 
traverse  deposits  of  volcanic  %u-ff,  a  substance  produced  by  the  show- 
ering down  from  the  air,  or  incumbent  waters,  of  sand  and  cinder^ 
fii'st  shot  up  from  the  inteiior  of  the  eai-th  by  the  explosions  of  volcanic 

Besides  the  parte  of  France  above  alluded  to,  thei'e  are  other  countries, 
as  the  north  of  Spain,  the  south  of  Sicily,  the  Tuscan  tenitoiy  of  Italy, 
the  lower  Rhenish  provinces,  and  Hungary,  where  spent  volcanoes  may 
be  seen,  still  preserving  in  many  eases  a  conical  form,  and  having  craters 
and  often  lava-streams  connected  with  liiem. 

There  are  also  other  rocks  in  England,  Scotland,  Ireland,  and  almost 
every  country  in  Europe,  which  we  infer  to  be  of  igneous  origin,  although 
they  do  not  form  hills  mth  cones  and  ci'aters.  Thus,  for  example,  we 
feel  assured  that  the  rock  of  Staffa,  and  tliat  of  the  Giants'  Causeway, 
called  basalt,  is  volcanic,  because  it  agrees  in  its  columnar  structure  and 
mineral  composition  witli  streams  of  lava  which  we  know  to  have  flowed 
from  the  craters  of  volcanoes,  "We  find  aJso  similar  basaltic  and  other 
igneous  rocks  assodated  with  beds  of  tuff  in  various  parts  of  the  British 
Isles,  and  forming  dikes,  such  as  have  been  spoken  of ;  and  some  of  the 
strata  through  which  these  dikes  cut  are  occasionally  altered  at  tlie 
point  of  contact,  as  if  they  had  been  exposed  to  the  intense  heat  of 
melted  matter. 

The  absence  of  cones  and  craters,  and  long  narrow  sti'eams  of  super- 
ficial lava,  in  England  and  many  other  counbies,  is  principally  to  be 
attributed  to  the  eruptions  having  been  submarine,  just  as  a  considerable 
proportion  of  volcanoes  in  our  o^vii  times  burst  out  beneath  the  sea. 
But  this  question  must  be  enlarged  upon  more  fidly  in  tlie  chaptei's  on 
Igneous  Rocks,  in  which  it  will  also  be  slioivn,  that  as  different  sedi- 
mentary formations,  containing  each  their  characteristic  fossils,  liave 
been  deposited  at  successive  periods,  so  also  volcanic  sand  and  sconEe 
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Lave  been  thrown  out,  and  lavas  have  Soweil  over  tlie  land  or  hml  of  the 
sea,  at  many  dift'ereut  epochs,  or  have  been  inject^  into  fissures;  so  that 
the  igneous  as  well  aa  the  aqueous  rocks  may  be  classed  as  a  chrouologi- 
eal  series  of  monuments,  throwing  light  on  a  succession  of  events  in  the 
history  of  tlie  earth. 

Pliitimie  rocks  (Granite,  &e.). — ^We  have  now  pointed  out  the  existr 
ence  of  two  distinct  orders  of  mineral  masses,  the  aqueous  and  tlie 
volcanic :  but  if  we  esamine  a  large  portion  of  a  continent,  especially  if 
it  contain  within  it  a  lofty  mountdn  range,  we  rarely  fail  to  discover 
two  othei'  classes  of  rocks,  veiy  distinct  from  either  of  those  above 
alluded  to,  and  which  we  can  neither  assimilate  to  deposits  such  as 
are  now  accumulated  in  lakes  or  seas,  nor  to  those  generated  by 
ordinary  volcanic  action.  The  members  of  both  tiieae  divisions  of 
rocks  agree  in  being  highly  ci'ystalline  and  destitute  of  oiganic  remains. 
The  rocks  of  one  division,  have  been  called  plutonic,  comprehending 
all  the  granites  and  certain  porphyries,  which  are  nearly  allied  in 
some  of  their  characters  to  volcanic  formations.  The  members  of  the 
otiier  dass  are  stratified  and  ofl:en  slaty,  and  have  been  called  by 
some  the  crystalline  schists,  m  wliich  group  are  included  gneiss, 
micaceous-schist  (or  mica-slate),  hornblende-schist,  statuary  marble, 
the  finer  kinds  of  roofing  slate,  and  other  rocks  aftenvards  to  be 
described. 

As  it  is  admitted  tiiat  nothing  stiictly  analogous  to  tiiese  crystalline 
productions  can  now  be  seen  in  the  progress  of  formation  on  the  earth's 
auriace,  it  will  naturally  be  asked,  on  what  data  we  can  find  a  pkce  for 
tliem  in  a  system  of  classification  founded  on  the  ori^n  of  rocks  I 
cannot,  in  reply  to  thk  question,  pretend  to  give  the  student,  m  i  few 
words,  an  intelligible  account  of  the  long  thain  of  facts  and  reisoning^ 
by  which  geologists  have  been  led  to  infer  the  analogy  ot  the  rocks  m 
question  to  others  now  in  progi'ess  at  the  surtaie  The  re^idt,  however 
may  be  briefly  stated.  All  tiie  various  km  Is  ot  granite  which  *.onsti 
tute  the  plutonic  family,  are  supposed  to  be  of  igneous  origin  but  to 
liave  been  formed  under  great  pre^ure,  at  consideralle  depths  m  the 
earth,  or  sometimes,  perhaps,  under  a  certain  weight  of  incumbent 
water.  Like  the  lava  of  volcanoes,  they  have  teen  melted  and  have 
afterwards  cooled  and  crystallized,  but  with  extreme  skwne-^  and  under 
conditions  very  different  from  those  of  bodies  coohng  m  the  open  ur 
Hence  they  differ  from  the  volcanic  rocks,  not  only  by  thtir  more  ervs 
talline  texture,  but  also  by  the  absence  of  tuffs  and  Ireceias,  which  iie 
the  products  of  eruptions  at  the  eai-th's  surface  or  beneath  seis  ot 
inconaderabie  depth.  They  differ  also  by  the  absente  ot  pores  or  eel 
lular  cavities,  to  which  the  espansion  of  the  entangled  gi  es  gives  use 
in  ordinary  lava. 

Although  granite  has  often  pierced  through  other  strata  it  his  rareh 
if  ever,  been  observed  to  rest  upon  them,  as  if  it  had  o^eiflowed.  But 
as  this  is  continually  the  case  with  the  volcanic  rocks,  they  have 
been    styled,  from  this  peculiarity,  "  overlying"  by  Dr.  MacOuiioefi ; 
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and  Ml'.  Necker  has  proposed  tlie  term  "  underlj-iiig"  for  the  granitos, 
to  designate  the  opposite  mode  in  ivhich  they  almost  iiivaiiably  present 


Metamorjthic,-  or  stratified  crystailiiie  rocks. — The  fourth  and  last 
great  division  of  rocks  are  the  crystalline  strata  and  slates,  or  schists, 
called  gneiss,  mica-schist,  clay-slate,  chlorite-schist,  mai'hle,  and  tlie  like, 
tiie  origin  of  which  is  more  doubtfiil  than  that  of  the  oUier  tlu'ce 
classes.  They  contain  no  pebhles,  or  sand,  or  Bcoria,  or  amgular  pieces 
of  imbedded  stone,  and  no  ti'aces  of  organic  bodies,  and  they  aie  ofteu 
as  crystalline  as  granite,  yet  are  divided  into  beds,  coiTeaponding  in 
form  and  arrangement  to  tliose  of  sedimentary  formations,  and  are 
therefore  said  to  be  stratified.  The  beds  sometimes  consist  of  aa  alter- 
nation of  substances  varying  in  color,  composition,  and  thickness,  pre- 
cisely as  we  see  in  stratified  fossiliferous  deposits.  According  to  the 
Huttonian  theory,  which  I  adopt  as  most  probable,  and  which  will  bo 
afterwards  more  fully  explained,  tlie  materials  of  these  strata  were 
originally  deposited  from  water  in  the  usual  form  of  sediment,  but  they 
were  subsequently  so  altered  by  subterranean  heat,  as  to  assume  a  new 
texture.  It  is  demonstrable,  in  some  cases  at  least,  that  such  a  complete 
conversion  has  actually  taken  place,  fossiliferous  strata  having  esohanged 
an  earthy  for  a  highly  crystalline  texture  for  a  distance  of  a  quarter  of  a 
mile  from  their  contact  with  granite.  In  some  cases,  dai'k  limestones 
replete  with  slieUs  and  corals,  have  been  tiuned  into  white  statuarj- 
marble,  and  hard  clays  into  slates  called  miearschist  and  hornblende- 
schist,  all  signs  of  organic  bodies  having  been  obliterated. 

Although  we  are  in  a  great  degree  ignorant  of  (he  pi-ecise  nature  oi' 
the  influence  exerted  in  these  cases,  yet  it  evidently  bears  some  analogy 
to  that  which  volcanic  heat  and  gases  are  known  to  produce  ;  and  the 
action  may  be  conveniently  called  plutomc,  because  it  appears  to  ha^e 
been  developed  in  those  regions  wheie  plutonic  rocks  are  genei'ated,  and 
under  similar  circumstances  of  pressure  and  depth  in  the  eaitli.  "Whetlier 
hot  water  or  steam  permeating  stratified  masses,  or  electiicity,  or  any 
other  causes  have  cooperated  to  produce  the  crystalline  texture,  may  be 
matter  of  speculation,  but  it  is  clear  that  the  plutonic  influence  has 
sometimes  pervaded  entire  mountain  masses  of  strata. 

In  accordance  with  the  bj-pothesis  above  alluded  to,  I  proposed  in  the 
first  edition  of  the  Principle  of  Geology  (1833),  the  term  "  Metamor- 
phic"  for  the  altered  strata,  a  tenn  derived  from  [wra,  meta,  tmns,  and 
f^opfl,  morphe,  forma,. 

Ilenee  there  are  four  gi'cat  classes  of  rocks  considered  in  reference  to 
their  origin, — tiie  aqueous,  tJie  volcajiic,  the  plutonic,  and  the  metamor- 
[)hic  In  the  course  of  this  work  it  will  bo  shown,  that  portions  of  each 
of  these  four  distinct  classes  have  originated  at  many  successive  periods. 
They  have  all  been  produced  contemporaneously,  and  may  even  now  be 
in  the  progress  of  foimation.  It  is  not  tnie,  as  was  formerly  supposed, 
that  all  granites,  together  with  tiie  crystalline  or  metamorphic  strata, 
were  first  formed,  and  therefore  entitie<l  to  be  called  "  primitive,"  and 
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that  the  aqueous  and  volcanic  rooka  were  afterwards  superimposed,  aud 
should,  therefore,  rank  as  secondary  in  the  order  of  time.  This  idea 
was  adopted  in  ijie  infancy  of  the  science,  when  all  formations,  whether 
stratified  or  unstratificd,  earthy  or  crystalUne,  with  or  without  fcssils, 
were  alike  regarded  as  of  aqueous  origin.  At  that  peiiod  it  was  natu- 
rally argued,  that  flie  foundation  must  he  older  than  Hie  superstructure; 
but  it  was  afterwards  discovered,  that  this  opinion  was  by  no  means  in 
every  instance  a  legitimate  deduction  from  facta  ;  for  the  inferior  parte 
of  the  earth's  crust  Iiave  often  been  modified,  and  even  entirely  changed, 
by  the  influence  of  volcanic  and  other  subtei-ranean  causes,  while  super- 
imposed formations  have  not  been  in  the  slight^t  degree  altered.  la 
otlier  words,  the  destroying  and  renovating  procrasea  have  given  birtli 
to  new  rocks  below,  while  those  above,  whether  crystalHne  or  fossilif- 
erous,  have  remained  in  thdr  ancient  condition.  Even  in  cities,  such  as 
Venice  and  Amsterdam,  it  cannot  be  laid  down  as  universally  true,  that 
the  upper  parte  of  each  edifice,  whether  of  brick  or  marble,  are  more 
modem  than  the  foundations  on  which  they  rest,  for  these  often  consist 
of  wooden  piles,  which  may  have  rotted  and  been  replaced  one  after 
the  other,  without  the  least  injury  to  the  buildings  above ;  meanwhile, 
these  may  have  required  scarcely  any  repair,  and  may  have  been  con- 
stantly inhabited.  So  it  is  with  the  habitable  snrfece  of  our  globe,  in 
its  relation  to  large  masses  of  rock  immediately  below  :  it  may  continue 
the  same  for  ages,  while  subjacent  materials,  at  a  gi'eat  depth,  are  passing 
from  a  solid  to  a  fluid  state,  and  then  reconsohdating,  so  as  to  acquire  a 
new  fixture. 

As  all  the  ciystalHne  rocks  may,  in  some  respects,  be  viewed  as  be- 
longing to  one  great  family,  whether  they  be  stratified  or  unstratiiied, 
plutonie  or  metamorphic,  it  will  often  be  convenient  to  speak  of  tliem  by 
one  common  name.  It  being  now  ascertained,  as  sboTe  stated,  that 
they  are  of  very  different  ages,  sometimes  newer  than  the  strata  called 
secondary,  the  term  primary,  which  was  formerly  used  for  the  whole, 
must  be  abandoned,  as  it  would  imply  a  manifest  contradiction.  It  is 
indispensable,  therefore,  to  flnd  a  new  name,  one  which  must  not  bo  of 
chronolo^cal  import,  and  must  espress,  on  the  one  hand,  some  pecuhar- 
ity  equally  attributable  to  granite  and  gneiss  (to  the  plutonie  as  well  as 
the  alt&-ed  rocks),  and,  on  the  other,  must  have  refei'ence  to  charactws 
in  which  those  rocks  differ,  botJi  fi-om  the  volcanic  and  from  the  ■unal- 
tered sedimentary  strata,  I  proposed  in  the  Principles  of  Geology  (first 
edition,  vol.  iii.),  the  term  "  hypogene"  for  this  purpose,  derived  from 
Cb-o,  under,  and  yivo;w«,  to  he,  or  to  he  horn;  a  word  implying  the 
theory  that  granite,  gnei^,  and  the  other  erystalHne  formsitions  are  alike 
netkei-'formed  roclffl,  or  rocks  which  have  not  assumed  their  present 
form  and  structure  at  the  surface.  Tliis  occurs  in  the  lowest  place  m 
the  order  of  superposition.  Even  in  regions  such  as  the  Alps,  where 
some  masses  of  granite  and  gndss  can  be  shown  to  be  of  comparatively 
modem  date,  belonging,  for  example,  to  the  period  hereafter  to  be 
described  as  tertiary,  they  are  still  n-nderhjing  rocks.    Tliey  never  repose 
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on  tlie  volcanic  or  trappean  formations,  nor  on  sti'ata  containing  organic 
remains.     They  are  hypogme,  as  "  being  under"  all  the  rest. 

From  what  ]ias  now  been  said,  tie  reader  will  understand  that  eacli 
of  tJie  four  gi'eat  classes  of  roots  may  be  studied  under  two  distinct 
points  of  view ;  first,  they  may  be  studied  simply  as  mineral  masses  de- 
riving their  origin  fiwm  particular  causes,  and  having  a  certain  composi- 
tion, form,  and  position  in  the  eai-Ui's  crust,  or  other  characters  both 
positive  and  negative,  suet  as  the  presence  or  absence  of  organic  re- 
mains. In  tlie  second  place,  the  rocks  of  each  class  may  be  viewed  as 
a  grand  chronological  series  of  monuments,  attesting  a  succession  of 
events  in  the  former  history  of  the  globe  and  its  living  inhabitants. 

I  shall  accordingly  proceed  to  treat  of  each  family  of  rocks ;  first,  in 
reference  to  tJiose  characters  which  are  not  chronological,  and  then  in 
particular  relation  to  the  several  periods  when  they  were  formed. 


Mineral  (Mmpiisitiim  of  strata— Arenaoeoue  rocks— Argillaceoua— Calcareous- 
Gypsum— Forma  of  stratification— Original  lioriBontnlity- Thinning  out— Dia--- 
onal  arrangement — Ripple  mark.  ° 

Ik  pursuance  of  the  arrangement  explained  in  the  last  chapter,  we  shall 
begin  by  examining  the  aqueous  or  sedimentary  rocks,  which  are  for 
the  most  part  distinctly  sti'atifled,  and  contain  fossils.  We  may  first 
study  them  witii  reference  to  their  mineral  composition,  external  appear- 
ance, position,  mode  of  origin,  organic  contents,  and  other  characters 
which  belong  to  them  as  aqueous  formations,  independently  of  their  age, 
and  we  may  afterwards  consider  them  chronologically  or  with  reference 
to  the  successive  geological  periods  when  they  originated. 

I  have  iJready  given  an  outline  of  the  data  which  led  to  the  belief 
that  the  stratified  and  fossiliferous  rocks  were  originally  deposited  under 
water ;  but,  before  entering  into  a  more  detailed  invesfigation,  it  will  bo 
desirable  to  say  something  of  the  ordmaiy  matei'ials  of  which  sudi 
strata  are  composed.  These  may  be  said  to  belong  principally  ia  tliree 
divisions,  the  arenaceous,  the  argillaceous,  and  the  calcareous,  which  are 
formed  respectively  of  sand,  clay,  and  carbonate  of  lime.  Of  fJiese,  tlio 
arenaceous,  or  sandy  masses,  are  chiefly  made  up  of  siliceous  or  flinty 
grains ;  the  argillaceous,  or  clayey,  of  a  mixture  of  siliceous  matter, 
ivith  a  certain  proportion,  about  a  fiiiutii  in  weight,  of  aluminous  earth  ; 
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and,  lastly,  tiie  calcareous  rocks  or  limestones  consist  of  carljonic  acid 
tuid  lime.  .  . 

Arenaceous  or  dUceom  rocks.— To  speak  first  of  the  sandy  dmsion  : 
beds  of  loose  sand  are  frequently  met  with,  of  which  the  grains  consist 
entirely  of  silex,  which  term  comprehends  all  purely  siliceous  minerals, 
as  quartz  and  common  flint  Quarta  is  silex  in  its  purest  form ;  flint 
usually  contains  some  admixfuie  of  alumine  and  oxide  of  iron.  The 
siliceous  grains  in  sand  are  usually  rounded,  as  if  by  tlie  action  of  running 
water.  Sandstone  is  an  a^regate  of  such  grama,  which  often  cohere  to- 
gether wMiout  my  visible  cement,  but  more  commonly  are  bound  together 
by  a  slight  quantity  of  siliceous  or  calcweous  matter,  or  by  u-on  or  clay. 
Pure  siliceous  rocts  may  be  known  by  not  effei'vescing  when  a  drop 
of  nitric,  sulphuric,  or  other  acid  is  applied  to  them,  or  by  the  grains 
not  being  readily  scratched  or  braten  by  ordinary  pressure.  In  nature 
there  is  every  intermedial*  gradation,  from  perfectly  loose  sand,  to  the 
hardest  sandstone.  In  micaceous  sandstones  mica  is  very  abundant ; 
and  the  thin  silvery  plates  into  which  that  mineral  divides,  are  often  ar- 
ranged in  layere  parallel  to  the  planes  of  stratification,  giving  a  sUty  or 
laminated  texture  to  the  rock. 

"When  sandstone  is  coarse-gi'uined,  it  is  usually  caUed  t/rit.  If  the 
grains  are  rounded,  and  large  enough  to  be  called  pebbles,  it  becomes  a 
confflimm-ate,  or  pudding-stme,  which  may  consist  of  pieces  of  one  or  of 
many  difierent  kinds  of  rock.  A  conglomerate,  therefore,  is  simply 
gravel  bound  together  by  a  cement. 

Argillaceous  roeis.— Olay,  strictly  speaJdng,  is  a  mixtui^e  of  silex  or 
fimt  with  a  large  proportion,  usually  about  one-fourth,  of  alumine,  or 
argil ;  but,  in  common  language,  any  earth  which  possesses  snffldent 
ductihty,  when  kneaded  up  wth  water,  to  be  fashioned  like  paste  by 
the  hand,  or  by  the  potter's  latiie,  is  called  a  clay  ;  and  such  clays  vary 
greatly  in  their  composition,  and  are,  m  general,  nothing  more  than  mud 
derived  fi:om  the  decomposition  or  iveaiing  down  of  various  rocks.  The 
purest  clay  found  in  nature  is  porcelain  clay,  or  kaolin,  which  results 
from  the  decomi>osition  of  a  rock  composed  of  felspai'  and  quartz,  and  it 
is  almost  always  mixed  witli  quartz.*  Shah  has  also  the  propei-ty,  hke 
day,  of  becoming  plastic  in  water  :  it  is  a  more  solid  ibrm  of  clay,  or 
argillaceous  matt«r,  condensed  by  pressure.  It  usually  divides  into  ir- 
regular laminte. 

One  general  character  of  all  ar^Uaceous  rocts  is  to  give  out  a  pe- 
culiai-,  earthy  odor  when  breathed  upon,  which  is  a  test  of  the  presence 
of  alumine,  although  it  does  not  belong  to  pure  alumine,  but,  apparently, 
to  the  combination  of  that  substance  with  oxide  of  iron.f 

»  The  kaolin  of  China  consists  of  'Jl'16  parts  of  ailex,  16-86  of  alumme.  1*92  of 
Ume,  and  613  of  water  (W.  Phillipa,  Mmernlogj,  p.  3S) ;  but  other  porcelain  clays 
differ  materiailj,  tliat  of  CorowaU  being  composed,  according  to  Boaae,  of  nearly 
equal  parts  of  siliea  and  alumine,  with  1  per  eeni  of  magnesia.  (Phil.  Mag.  vol. 
s.  1831.) 

I  See  W.  Phillips's  Mineralogy,  "  Alumine." 
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Calcm-eous  rocks. — THs  division  compreliends  tliose  roeks  wliieh,  like 
chalk,  are  composed  chiefly  of  lime  and  carhonio  acid.  SlaeEs  and 
corals  are  sJso  formed  of  the  same  elements,  with  tJie  addition  of  animal 
matter.  To  obtain  pure  lime  it  is  necessary  to  calcine  these  calcareous 
substances,  that  is  to  say,  to  expose  them  to  heat  of  sufficient  intensity 
to  drive  off  the  carbonic  acid,  and  other  volatile  matter,  without  vitrify- 
ing or  melting  tlie  lime  itself.  IVhite  chalk  is  often  pure  carbonate  of 
lime ;  and  this  rock,  altliough  usually  in  a  soft  and  eartliy  state,  is  some- 
times Eufflciently  solid  to  he  used  for  building,  and  even  passes  into  a 
compact  stone,  or  a  stone  of  which  the  separate  parts  are  to  minute  as 
not  to  be  distinguishable  from  each  othei'  by  the  nated  eye. 

Many  limestones  are  made  up  entirely  of  minute  fragments  of  shells 
and  coral,  or  of  calcareous  s;ind  cemented  together.  These  last  might 
be  called  "  calcareous  sandstones  ;"  but  that  teim  is  more  properly  ap- 
plied to  a  rock  in  which  the  grains  are  partly  calcareous  and  pai'tly  sih- 
ceous,  or  to  quartzose  sandstones,  having  a  tement  of  carbonate  of  lime. 

The  variety  of  hmestone  called  "  oolite"  is  composed  of  numerous 
small  egg-like  grains,  resembling  the  roe  of  a  fi'ih,  each  of  which  has 
usually  a  small  fragment  of  sand  as  a  nucleus,  .miund  vihich  concentric 
layers  of  calcareous  matter  have  accumulated 

Any  limestone  which  is  sufflciently  hard  to  take  a  fine  j^iohsh  is  called 
marble.  Tilany  of  these  are  fossiliferons ,  but  ^tatmry  marble,  which  is 
also  called  saccharine  limestone,  as  having  a  texture  resembling  that  of 
loaf-sugar,  is  devoid  of  fossils,  and  is  in  many  cases  a  member  of  the 
metamorphie  series. 

Siliceous  limesfom  is  an  intimate  mixture  of  carbonate  of  lime  and 
flint,  and  is  harder  in  proportion  as  the  flinty  matter  ]  predominates. 

The  presence  of  carbonate  of  hme  in  a  rock  may  be  ascertained  by 
applying  to  the  surface  a  small  drop  of  diluted  sulphuric,  nitric,  or  mu- 
riatic acids,  or  strong  vinegar  ;  for  tlie  lime,  having  a  greater  chemical 
affinity  for  any  one  of  tliese  acids  than  for  the  carbonic,  unites  imme- 
diately with  them  to  fonn  new  compoimds,  thereby  becoming  a  sulphate, 
niti'ate,  or  muriate  of  lime.  The  carbonic  acid,  when  thus  liberated 
imm  its  union  ivith  the  lime,  escapes  in  a  gaseous  form,  and  froths  up 
or  effervesces  as  it  mates  its  way  in  small  bubbles  through  the  drop  ol 
liquid.  Tliis  effeiTescence  is  brisk  or  feeble  in  proportion  as  tlie  lime- 
stone is  pure  or  impure,  or,  in  other  words,  according  to  the  quantity  of 
foreign  matter  mised  ivith  the  carbonate  of  lime.  "Without  the  aid  ot 
this  test,  the  most  experienced  eye  cannot  always  detect  the  presence  ot 
carbonate  of  lime  in  rocks. 

The  above-mentioned  tliree  classes  of  rocks,  the  siliceous,  argillaceous, 
and  calcareous,  pass  continually  info  each  other,  and  rarely  occur  in  a 
perfectly  separate  and  pure  form.  Thus  it  is  an  exception  to  the  general 
rale  to  meet  with  a  limestone  as  pure  as  ordinary  white  clialb,  or  witli 
clay  as  aluminous  as  that  used  in  Coiiiwall  for  porcelain,  or  with 
sand  so  entirely  composed  of  siliceous  grains  as  the  white  sand  of  Alum 
Bay  in  the  Isle  of  Wight,  or  sandstone  so  pure  as  the  giit  of  Foiitaine- 
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bleau,  used  for  pavement  in  France.  More  commonly  we  find  saad  aad 
clay,  or  day  and  marl,  intermixed  in  the  same  mass.  When  the  sand 
and  day  are  each  in  considerable  quantity,  the  mistm^  is  called  loam. 
If  tJiere  is  much  calcareous  matter  in  day  it  is  called  marl ;  but  this 
term  has  unfortunately  been  used  so  vaguely,  as  often  to  be  very  ambig- 
uous. It  has  T)een  apphed  to  substances  in  which  there  is  no  lime  ;  as, 
to  that  red  loam  usually  called  red  marl  in  certain  parts  of  England. 
Agrieultimsts  were  in  fhe  habit  of  calling  any  soil  a  marl,  which,  like 
true  marl,  fell  to  pieces  readily  on  exposure  to  the  air.  Hence  arose  tlic  . 
confusion  of  using  this  name  for  soils  which,  consisting  of  loam,  were 
easily  worked  with  the  plough,  though  devoid  of  lune. 

Marl  slate  bears  tlie  same  relation  to  marl  which  shale  tears  to  clay, 
being  a  calcareous  shale.  It  is  very  abundant  in  some  countries,  as  in 
the  Swiss  Alps.  Argillaceous  or  marly  limestone  is  also  of  common  oo- 
currence. 

There  are  few  otlier  kinds  of  rock  which  enter  so  krgely  into  tie 
composition  of  sedimentary  strata  as  to  make  it  necessary  to  dwell  here 
on  tiieir  characters.  I  may,  however,  mention  two  others, — magnesian 
limestone  or  dolomite,  and  gypum.  Magmsian  litnesione  is  composed 
of  carbonate  of  lime  and  carbonate  of  magnesia  ;  the  proportion  of  the 
latter  amounting  in  some  eases  to  nearly  one-half.  It  effen-esces  much 
more  slowly  and  feebly  with  adds  than  common  limestone.  In  England 
this  rock  is  generally  of  a  yellowish  color  ;  but  it  varies  greatly  in  min- 
eralogical  diaraeter,  passing  from  an  earthy  state  to  a  white  compact 
stone  of  great  hardness.  Dolomite,  so  common  in  many  parts  of  Ger- 
many and  France,  m  also  a  variety  of  magnesian  limestone,  usually  of  a 
granular  texture. 

Cfypsum.—Gjpsam  is  a  rock  composed  of  sulphuric  add,  lime,  and 
water.  It  is  usually  a  soft  whitish-yellow  rod:,  mth  a  texture  resembhng 
tliat  of  loat^ugar,  but  sometimes  it  is  entirdy  composed  of  lenticular 
crystals.  It  is  insoluble  in  adds,  and  does  not  effervesce  like  chalk  and 
dolomite,  because  it  does  not  contain  carbonic  add  gas,  or  fixed  air,  the 
lime  being  already  combined  with  sulphuric  add,  for  which  it  has  a 
stronger  affinity  tlian  for  any  other.  Anhydrous  gypsum  is  a  rare  vari- 
ety, into  which  water  does  not  enter  as  a  component  part.  Gypseous 
marl  is  a  mixture  of  gypsum  and  marL  Alabaster  is  a  granular  and 
compact  variety  of  gypsum  found  in  masses  large  enough  to  be  used  in 
sculpture  and  architecture.  It  is  sometimes  a  pure  snow-white  substance, 
as  that  of  Volterra  in  Tuscany,  well  known  as  being  carved  for  worts  of 
art  in  Florence  and  Leghorn.  It  is  a  softer  stone  than  marble,  and  more 
eadly  wrought. 

Forms  of  stratification. — A  series  of  strata  sometimes  consists  of  one 
of  the  above  rocks,  sometimes  of  two  or  more  in  alternating  beds. 
Thus,  in  the  coal  districts  of  England,  for  example,  we  often  pass  through 
several  beds  of  sandstone,  some  of  finer,  othets  of  coarser  grain,  some 
white,  others  of  a  dark  color,  and  below  tliese,  layers  of  shale  and  sand 
stone  or  beds  of  shale,  divisible  into  leaf-like  lamina,  and  containing 
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beautiful  impressions  of  plants.  Then  again  we  meet  mth  beds  of  pure 
and  impure  coal,  alternating  with  shales  and  sandstones,  and  underneath 
the  whole,  perhaps,  are  calcai^eous  sti'ata,  or  beds  of  limestone,  filled  irith 
corals  and  marine  shells,  each  bed  distinguishable  from  another  by  cer- 
tain fossils,  or  by  the  abundance  of  particular  species  of  shells  or 


This  alternation  of  different  kinds  of  rock  produces  the  most  distinct 
stratifleation  ;  and  we  often  find  beds  of  limestone  and  marl,  conglom- 
erate and  sandstone,  sand  and  clay,  recurring  again  and  again,  in  nearly 
regiUar  order,  throughout  a  series  of  many  hundred  sti'ata.  The  canses 
which  may  produce  these  phenomena  are  various,  and  have  been  fully 
discussed  in  my  treatise  on  the  modem  changes  of  the  earth's  surface.* 
It  is  there  seen  that  rivers  flowing  into  lakes  and  seas  are  charged  wifJi 
sediment,  varying  in  quantity,  composition,  color,  and  grain,  according  to 
the  seasons ;  the  wafers  are  sometimes  flooded  and  rapid,  at  other  periods 
low  and  feeble;  different  tributaries,  also,  draining  peculiar  countries  and 
soils,  and  therefore  charged  with  pecidiar  sediment,  are  swollen  at  distinct 
periods.  It  was  also  shown  that  the  waves  of  the  sea  and  currents  nn- 
dermine  the  cliffs  during  wintry  storms,  and  sweep  away  the  materials 
into  the  deep,  ailer  which  a  season  of  tranquillity  succeeds,  when  nothing 
but  the  finest  mud  is  spread  by  the  movements  of  the  ocean  over  the 
same  submarine  area. 

It  is  not  the  object  of  tlie  pi'esent  work  to  give  a  description  of  these 
operations,  repeated  as  they  are,  year  after  year,  and  eentmy  after  cen- 
tmy;  but  I  may  suggest  au  explanation  of  the  manner  in  which  some 
micaceous  sandstones  have  originated,  those  in  which  we  see  innumerar 
ble  thin  layers  of  mica  dividing  layei's  of  fine  quartzose  sand.  I  observed 
the  same  arrangement  of  materials  in  recent  mud  deposited  in  tlie  estu- 
ary of  La  Eoche  St,  Bemaa'd  in  Brittany,  at  the  mouth  of  the  Loire. 
The  surrounding  rooks  are  of  gneiss,  which,  by  its  waste,  supplies  the 
mud  :  when  this  dries  at  low  water,  it  is  found  to  consist  of  brown  lami- 
nated eky,  divided  by  thin  scams  of  mica.  The  separation  of  the  mica 
in  this  case,  or  in  that  of  micaceous  sandstones,  may  be  thus  understood. 
If  we  t^e  a  handful  of  quartzose  sand,  mixed  with  mica,  and  throw  it 
into  a  clear  running  stream,  wo  see  the  mateiials  immediately  soi-ted  by 
the  water,  the  grains  of  quartz  foiling  almost  directly  to  the  bottom, 
while  the  plates  of  mica  take  a  much  longer  time  to  reach  the  bottom, 
and  are  carried  farther  down  the  stream.  At  the  first  instant  the  ivater 
is  turbid,  but  immediately  after  the  flat  surfaces  of  the  plates  of  mica 
are  seen  alone  reflecting  a  silvery  light,  as  they  descend  slowdy,  to  form 
a  distinct  micaceous  lamina.  Hie  mica  is  the  bearier  mineral  of  the 
two  ;  but  it  remains  longer  suspended,  owing  to  its  great  extent  of  sur- 
&ce.  It  is  easy,  therefore,  to  perceive  that  where  such  mud  is  acted  iipon 
by  a  river  or  tidal  current,  the  thin  plates  of  mica  will  be  carried  iarther, 
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and  not  deposited  in  the  same  places  as  the  gi'ains  of  quarts  ;  and  aince 
the  foi-ce  and  velocity  of  the  stream  varies  from  time  to  time,  layere  of 
mica  or  of  sand  will  be  thrown  do«Ti  successively  on  tiie  same  area. 

Oriffinal  horizonlcdity. — It  has  genei'ally  been  said  that  the  upper  and 
under  surfaces  of  strata,  or  the  planes  of  stratification,  aa  they  are  tenned, 
are  parallel.  Although  this  is  not  strictly  true,  they  make  an  approaeli 
to  parallehsm,  for  the  same  reason  that  sediment  is  usually  dqjosited  at 
first  in  nearly  horizontal  layers.  The  reason  of  this  arrangement  can 
by  no  means  be  attiibuted  to  an  oiiginal  evenness  or  horizontality  in 
the  bed  of  the  sea ;  for  it  is  asceitained  tiiat  in  those  places  where  no 
matter  has  been  recently  deposited,  the  bottom  of  the  ocean  is  often  as 
uneven  as  that  of  the  dry  land,  having  in  like  manner  its  Mils,  valleys, 
and  ravines.  Yet  if  the  sea  should  sink,  or  the  water  be  removed  near 
the  mouth  of  a  large  river  where  a  delta  has  been  forming,  we  should 
see  extensive  plains  of  mud  and  sand  laid  dry,  which,  to  the  eye,  would 
appear  perfectly  level,  although,  in  reality,  they  would  slope  gently  from 
the  land  towards  the  sea. 

This  tendency  in  newly-formed  strata  to  assume  a  horizontal  position 
arises  principally  from  the  motion  of  the  water,  which  forces  along  par- 
ticles of  sand  or  mud  at  the  bottom,  and  causes  them  to  settle  in  hollows 
or  depressions,  where  they  are  less  exposed  to  tlie  force  of  a  current  than 
when  they  ai-e  resting  on  elevated  points.  The  velocity  of  tlie  current 
and  die  motion  of  the  superfiisial  waves  diminish  from  the  surfece 
downwards,  and  are  least  in   those  depressions  where  the  water  is 


A  good  illustration  of  the  principle  here  alluded  to  may  he  s( 
seen  in  the  neighborhood  of  a  volcano,  when  a  section,  whether  natural 
or  artificial,  has  laid  open  to  vIpw  a  suicession  of  various-colored  layers 
of  sand  and  ashes,  which  have  fallen  in  showers  upon  uneven  ground. 
Thus  let  A  B  (fig.  1)  be  two  ridges  with  an  intervening  valley.  These 
original  inequalities  of  the  surface  have  been  gradually  effaced  by  beds 
of  sand  and  ashes  c,  d,  e,  the  surface  at  e  being  quit*  level.  It  will  be 
seen  that  although  the  materials  of  the  first  layers  have  accommodated 
Pig  J  themselves  in  a  great  degree  to  the  shape 

of  tlie  gi-ound  A  B,  yet  each  bed  is  thick- 
est at  the  bottom.  At  first  a  great  many 
particles  would  be  carried  hy  tJieir  own 
gravity  down  the  steep  sides  of  A  and  B, 
and  others  would  afterwards  be  blown  by  the  wind  as  they  fell  off  the 
ridgts,  and  would  settle  in  tlie  hollow,  which  would  thus  become  more 
and  more  efraced  as  the  strata  accumulated  from  c  to  b.  Tliis  levelling 
operation  may  perhaps  be  rendered  more  clear  to  the  student  by  sup- 
jwsiiig  a  number  of  parallel  trenches  to  be  dug  in  a  plain  of  moving 
s^uid,  like  the  African  desert,  in  which  case  the  mnd  woiUd  soon  cause 
all  sigus  of  these  trenches  to  disappear,  and  the  surfece  would  be  as 
.  Now,  water  in  motion  can  exert  this  levelling  power 
!  easily  than  air,  for  almost  all  stones  lose  in 


>n  similar  materials  i 
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water  more  than  a,  third  ot  the  weight  which  th»i  ha\e  in  air,  the  '.pt 
eific  giiMtj  of  rocka  being  in  geneial  as,  2J  wlien  tomparpd  to  thit  tf 
water,  which  is  esbmated  at  1  But  tlie  J-uoyinoy  ot  "and  <r  mwl 
would  be  stili  greatis'  m  tliP  nea,  ais  the  density  of  &alt  ivatei  e\tit.K 
that  of  freah 

Yet,  hiwever  uniform  "iud  honzontal  ia%y  he  ike  surfaee  of  new  de 
[  outs  in  general,  there  are  still  mani  disiiirting  ciu'ies,  such  as  eldi* 
m  the  water,  and  cunentg  moMn^,  fir^t  in  one  iind  then  m  inothti 
dtfection,  wbieh  frequently  tiu&e  inegiilanhe^  "We  may  sometimes 
follow  a  bed  of  limestone,  shale,  or  sandstone,  for  a  distance  of  ja-my 
hnndied  yaids  conlmuonsly,  but  we  generally  find  at  lengtli  that  eith 
individual  itratum  thms  out,  ind  allows  tlie  beds  which  were  prei  louiOy 
iibove  and  below  it  to  meet.  If  the  materials  are  coarse,  as  in  grita  and 
conglomerates,  tto  same  beds  can  rarely  be  traced  many  yards  without 
varying  in  size,  and  often  coming  to  an  end  abruptly.     (See  fig,  2.) 


■r  Cross  Stratification. — There  is  also  anotJxer  phei 
of  irequcnt  occuiTence.     "We  find  a  seiies  of  larger  strata,  eadi  of  which 
is  composed  of  a  numl)er  of  minor  layers  placed  obliquely  to  the  geneMl 


planes  of  sti-atiSeation,  To  this  diagonal  arrangement  the  name  of 
"  fiike  or  cross  strati ficatioii"  has  been  given.  Thus  in  the  annescd  sec- 
tion (fig.  3)  we  see  seven  or  eight  large  beds  of  loose  sand,  yellow  and 
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brown,  and  ttie  lines  a,  b,  c,  mark  some  of  the  principal  planes  of  strati- 
fication, wliicli  are  nearly  honzontal.  But  the  greater  part  of  tlie  sub- 
ordinate laminie  do  not  conform  to  these  planes,  but  have  often  a  steep 
slope,  the  inclination  being  sometimes  towards  opposite  poinls  of  the 
compass.  When  the  sand  is  loose  and  incoherent,  as  in  the  ease  here 
represented,  the  deviation  from  parallelism  of  the  slanting  laminje  can- 
not possibly  be  accounted  for  by  any  rearrangement  of  the  particles  ac- 
quired during  the  consolidation  of  the  rock.  In  what  manner  then  can 
such  irregularities  be  due  to  original  depasiiion  3  We  must  suppose 
that  at  the  bottom  of  the  sea,  as  well  as  in  the  beds  of  rivers,  the  mo- 
tions of  waves,  currents,  and  eddies  often  cause  mud,  sand,  and  gravel 
to  be  thrown  down  in  he;ips  on  particular  spots,  instead  of  being  sprea<l 
out  uniformly  over  a  wide  area.  Sometimes,  when  banks  are  thus 
formed,  cuirents  may  cut  passages  through  them,  Just  aa  a  river  forms 
its  bed,     Suppow  the  bank  A  (fig.  4)  to  be  thus  formed  with  a  steep 


sloping  side  ai  1  the  iter  bem^  m  a  tr«nuil  state,  the  layer  ot  "iuii 
ment  Ko  1  is  tl  rown  donn  upon  it,  conforming  neariy  to  its  surface 
Afterwai  !s  the  oti  er  bjers  2,  3,  4,  miy  be  deposited  in  succession,  so 
that  the  b  ni.  B  O  D  IS  fumed  If  the  cunent  then  increases  m  ve- 
locity, it  may  cut  away  the  upper  portion  of  tins  ma=s  down  to  the 
Jotted  line  e  (fig.  4),  and  deposit  the  matenaU  thus  removed  fiu-ther  on, 
so  as  to  form  the  layers  5,  6,  T,  8  "We  have  no-w  the  bank  B  C  D  K 
(fi^^.  .=;),  of  which  the  surfai^e  is  almost  lenl,  ind  on  whidi  tlie  neailj 


horizontal  layers,  8,  10,  11,  may  then  accumuhte     It  ivas  shown 


3  that  the  diagonal  layers  of 
opposite  slope.     This  is  well 


strati  maj  sometimes  hive  an 
diflt.  of  loose  sand  on  the 
Suffolk  ccast  A  portion  of  one  of 
tliese  !•<  represented  in  fig  6,  nhere 
the  layers,  of  which  there  are  ibout 
six  in  the  thickness  of  an  inch,  are 
of  quartzose  grains.  This 
arrangement  may  have  been  due  to 
the  alteredditeetion  of  the  tides  and 
current'i  in  tlio  same  place. 
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The  description  above  given  of  the  slanting  position  of  the  minor 
layers  eoustituling  a  single  stratum  is  in  certain  cases  applicable  on  a 
much  gi'ander  scale  to  masses  several  hundred  feet  tliicfe,  and  many  miles 
in  extent.  A  fine  example  may  be  seen  at  the  base  of  tbe  Maritime 
Alps  near  Nice.  The  mountains  here  teiminate  abniptly  in  tlie  sen,  so 
that  a  depth  of  many  liimdred  iathoms  is  often  foimd  withm  a  stone's 
throw  of  fie  beach,  and  sometime  a  depth  of  3000  feet  within  half  a 
mile.  But  at  certain  points,  strata  of  sand,  marl,  or  conglomerate,  in- 
tervene between  the  shore  and  the  mountains,  as  in  the  annexed  fig.  (V), 
where  a  vast  succession  of  slanting  beds  of  gravel  and  sand  may  be- 

MoDleCslTO.  Fig.  T. 


traced  from  the  sea  to  Monte  Calvo,  a  distance  of  no  leas  than  9  miic-« 
in  a  straight  line.  The  dip  of  th^e  beds  ia  remarkably  uniform,  bein;? 
always  southward  or  towards  the  Mediterranean,  at  an  angle  of  about 
25°.  They  are  exposed  to  view  in  nearly  vertical  precipices,  varying 
from  200  to  600  feet  in  height,  which  bound  the  vidlej  th  ou^l  wh  I 
the  river  Magnan  flows.  Altiiough  in  a  genera!  view,  the  strata  apj  e 
to  be  parallel  and  miiform,  they  ai-e  nevertheless  found,  wl  e  ex  m  ned 
closely,  to  bo  wedge-shaped,  and  to  thin  out  when  followed  f  r  a  le 
hundred  feet  or  yards,  so  that  we  may  suppose  ikem  t  hi  e  be  n 
thrown  down  originally  upon  the  side  of  a  steep  bank,  where  -x  ve  or 
alpine  torrent  disehaiged  itself  into  a  deep  and  tranqnil  sea,  and  torractl 
a  delta,  which  advanced  gradually  ii-om  the  base  of  Monte  Calvo  to  s 
distance  of  9  miles  from  tJie  original  shore.  If  subsequently  this  part  of 
the  Alps  and  bed  of  the  sea  wei'e  raised  700  feet,  the  coast  would  acquire 
its  present  configuration,  the  delta  would  emei^,  and  a  deep  channel 
might  then  be  cut  through  it  by  a  river. 

It  is  well  known  that  the  torrents  and  streams,  which  no^v  descend 
from  the  alpine  declivities  to  the  shore,  bring  down  annually,  when  the 
snow  melts,  vast  quantities  of  shingle  and  sand,  and  then,  as  they  sub- 
side, fine  mud,  while  in  summer  they  aye  nearly  or  entirely  dry ;  so  that 
it  may  be  safely  assumed,  that  deposits  like  those  of  iho  valley  of  the 
Magnan,  consisting  of  coarse  gravel  alternating  with  fine  sediment,  are 
still  in  progress  at  many  points,  as,  for  instance,  at  the  mouth  of  the 
Var.  They  must  advance  upon  the  Mediterranean  in  tlie  form  of  great 
shoals  terminating  in  a  steep  talus  ;  sucls  being  tbe  original  mode  of  ac- 
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cumulation  of  all  coarse  materials  conveyed  into  d>;ep  water,  eMpociiilly 
where  they  ai-e  composed  in  gi'eat  part  of  pebhiea,  which  camiot  Iw 
transported  to  iudeftnit*  distances  by  currents  of  moderate  velocity.  By 
inattentioa  to  facts  and  inferences  of  this  tind,  a  very  exaggerated  esti- 
mate has  sometimw  been  made  of  the  supposed  depth  of  the  ancient 
ocean.  There  can  be  no  doubt,  for  esample,  that  the  sti'ata  a,  fig.  7, 
or  tliosc  nearest  to  ilonte  Calvo,  are  older  tlian  those  indicated  by  b,  aiid 
these  again  wei«  formed  hefoi-e  c;  hut  the  vertical  deptli  of  gravel  and 
sand  in  any  one  place  cannot  he  proved  to  amount  even  to  1000  feet, 
although  it  may  perliaps  Iw  mneh  greater,  yet  probably  never  exceeding 
at  any  point  8000  or  4000  feet.  l>nt  wei'e  we  to  assume  that  all  the 
strata  were  once  horizontal,  and  that  their  present  dip  or  inchnaiion  was 
due  to  subsequent  movements,  we  should  then  be  forced  to  conclude, 
(tat  a  sea  9  miles  deep  had  been  iilled  up  with  alternate  layers  of  mud 
and  pehbte  thrown  down  one  upon  another, 

In  the  locality  now  under  consideration,  situated  a  few  miles  to  the 
west  of  Nice,  tliero  ai'e  many  geological  data,  the  details  of  which  can- 
not be  given  in  this  place,  all  leading  to  the  opinion,  that  when  the 
deposit  of  the  Magnan  was  formed,  tlie  shape  and  outline  of  the  alpine 
deohvities  and  the  shore  greatly  resembled  wh  t  e  n  w  behold  at  many 
points  n  the  n  ghho  hoo  1  That  the  he  Is  6  e  rf  a  e  of  eomparar 
tively  modern  date  s  p  oved  by  tl  is  ftct  that  se  us  of  loamy  marl 
interven  ng  bet  een  the  pebhlj  be  Is  a  e  fossil  shells,  1  If  of  vl  1  be- 
long to  spec  es  now  hv  ng  n  the  Me  1  te  Tanean 

£ip2  le        i.  — Tl  e  r  1  pie  mark,  so    om  1  t        t        d- 

stonts    t  ill  a       (      ii     S)     n  1         1 
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at  low  tide,  seema  to  origiDate  in  the  drifting  of  materials  along  tlie 
bottom  of  tlie  water,  in  a  manner  very  similar  to  that  which  may  explain 
the  inclined  layers  above  described.  This  ripple  is  not  entirely  confined 
to  the  beach  between  high  and  low  water  mark,  but  is  also  produced  on 
sands  which  are  constantly  covered  by  water.  Similar  undulating  ridges 
and  fiirrowa  may  also  be  sometimes  seen  on  the  anrfiioe  of  drift  snow  and 
blown  sand.  The  following  is  the  manner  in  which  I  once  observed  the 
motion  of  the  air  to  produce  this  effect  on  a  large  extent  of  level  beach, 
exposed  at  low  tide  near  Calais.  Clouds  of  fine  white  sand  were  blown 
from  the  neighboring  dunes,  so  as  to  cover  the  shore,  and  whiten  a  dark 
level  surface  of  sandy  mud,  and  tliia  fresh  covering  of  sand  was  beauti- 
fiilly  rippled.  On  levelhng  all  the  small  ridges  and  fiinowa  of  tJiis  ripple 
over  an  area  of  several  yards  square,  I  saw  them  perfectly  restored  in 
about  ten  minutes,  the  general  direction  of  the  ridges  being  always  at 
right  angles  to  that  of  the  wind.  The  restoration  began  by  tlTe  appear- 
ance here  and  there  of  small  detached  heaps  of  sand,  which  soon 
lengthened  and  joined  together,  so  as  to  form  long  sinuous  ridges  with 
intervening  furrows.  Each  ridge  had  one  side  slightly  inclined,  and  tlie 
other  steep;  the  lee-side  being  always  steep,  as  i,e,(f, — e;  thewindwai'd- 
I,  S, — e,  d,  fig.  9,     When  a  gust  of  wind  blew 


with  sufficient  foree  to  drive  along  a  cloud  of  sand,  all  the  ridges  were 
seen  to  be  in  motion  at  once,  each  encroaching  on  tlie  furrow  before  it, 
and,  in  the  couree  of  a  few  minutes,  filling  the  place  which  the  furrows 
had  occupied.  The  mode  of  advance  was  by  the  continual  drifting  of 
grains  of  sand  up  the  slopes  a  b  and  c  d,  many  of  which  grains,  when 
they  arrived  at  6  and  d,  fell  over  the  scarps  b  c  and  d  e,  and  were  under 
shelter  from  the  wind ;  so  that  tliey  remained  stationary,  resting,  ac- 
cording to  their  shape  and  momentum,  on  different  parts  of  the  descent, 
and  a  few  only  rolling  to  the  bottom.  In  this  manner  each  ridge  was 
distinctly  seen  to  move  slowly  on  as  often  as  the  force  of  the  wind  aug- 
mented. Occasionally  part  tad  &\  mg  ra  rapidly  than  the 
rest,  overtook  the  ridge  imm  d  at  ly  b  f  t  and  b  came  confounded 
with  it,  thus  causing  those  bif  cat  an  1  b  a  hes  vhich  are  so  com- 
mon, and  two  of  which  are  s  n  the  1  b  fi  8  We  may  observe 
this  configuration  in  sandsto  ea  f  11  es  and  n  th  n  also,  as  now  on 
the  sea-coaat,  we  may  often  dtttw  ytn  fijles  interfering  with 
each  other ;  one  more  ancient  and  half-effaced,  and  a  newer  one,  in  which 
the  grooves  and  ridges  are  more  distinct,  and  in  a  different  direction. 
This  crossing  of  two  sets  of  ripples  arises  icom  a  change  of  wind,  and  the 
new  direction  in  which,  the  wavra  are  thrown  on  the  shore. 

The  ripple  maik  is  usually  an  indication  of  a  sea-beach,  or  of  water 
from  6  to  10  feet  deep,  for  the  agitation  caused  by  waves  even  during 
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otoims  e-iteii'l''  to  a.  very  slight  depth.  To  this  rule,  however,  thei'S 
ire  some  exceptions,  and  recent  ripple  marks  have  been  observed  at  the 
depth  of  60  or  70  feet.  It  has  also  been  ascertained  that  currents 
or  large  bodies  of  -water  in  motion  may  disturb  mud  and  sand  at 
the  depth  of  300  or  even  450  feet.* 


0  (lepositinn  indicated  by  fossils— LimeEtonus  furmed  of  uoiiils  and  shells 

—Proofs  of  gradoal  increase  of  strata  derived  from  foeeils — Serpula  attached 
to  spatangua— Wood  bored  bj  tore dina— Tripoli  and  semi-opal  formed  of  in- 
fuBoria— Challc  derived  prioeipally  from  organic  bodies— Distinction  of  freeh- 
■water  from  marine  formations— Genera  of  freshwater  and  land  sheila— Kulea 
for  recognizing  marine  testacaa- Gjrogonita  ajid  ohara— Freshwater  tiehea— 
Alternaiion  of  marine  and  freshwater  deposits — Ljm-Fiord. 

Eaviko  in  the  last  chapter  considered  the  forms  of  stratification  so 
fer  as  they  are  determined  by  the  awangemeEt  of  inorganic  matter,  we 
may  now  turn  our  attention  to  the  manner  in  which  organic  remains  are 
distiihuted  through  sb-atified  deposits.  Wo  slioiild  often  be  unable  to 
detect,  any  signs  of  stratification  or  of  successive  deposition,  if  particular 
kinds  of  fossils  did  not  occur  here  and  there  at  certain  depths  in  the 
mass.  At  one  level,  for  example,  univalve  shells  of  some  one  or  more 
specii^  predominate ;  at  another,  bivalve  shells ;  and  at  a  third,  corals  ; 
while  iu  some  formations  we  find  layers  of  vegetable  matter,  commonly 
derived  froai  hmd  plants,  separating  strata. 

It  may  appear  inconceivable  to  a  begiraier  how  mountains,  several 
thousand  feet  thick,  can  have  become  filled  with  fossils  Irom  top  to  bof^ 
torn ;  hut  the  difficulty  is  removed,  when  he  reflects  on  the  origin  of 
stratification,  as  explained  in  the  last  chapter,  ajid  allows  sufficient  time 
for  the  accumulation  of  sediment.  He  must  never  lose  sight  of  the  (aat 
that,  during  the  process  of  deposition,  eadi  separate  layer  was  once  the 
uppermost,  and  covered  immediately  by  the  water  in  whidi  aquatic  ani- 
mida  hved.  Each  stratum  in  feet,  however  far  it  may  now  lie  beneafli  the 
surfece,  was  once  in  tiie  state  of  shingle,  or  loose  sand  or  soft  mud  at  the 
bottom  of  the  sea,  in  which  shells  and  otlier  bodies  easily  became  enveloped. 

By  itteudi!ig  to  the  nature  of  these  remains,  we  aie  often  enabled  to 
deteimiEe  whether  the  deposition  was  slow  or  rapid!,  whether  it  took 
place  in  a  deep  or  shallow  sea,  near  tJie  shore  or  far  ffom  land,  and 
whether  the  water  was  salt,  brackish,  or  fresh.     Some  limestones  consist 

*  Miu  Elm.  New  Phil.  Jonm.  vol.  xxsi.;  and  Darwin,  Vok.  Islands,  p,  134. 
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almost  exclusively  of  corals,  and  iu  many  cases  it  is  evident  tliat  the  present 
position  of  each  fossil  zoophyte  has  been  determined  by  the  maimer  in 
which  it  grew  originally.  The  axis  of  the  cocal,  for  example,  if  its  nat- 
ural growth  la  erect,  still  remains  at  right  angles  to  the  plane  of  stratifi- 
cation. If  the  sti'atum  he  now  horizontal,  the  round  spherical  heads  of 
certain  species  continue  uppermost,  and  their  points  of  attachment  are 
directed  dow-nwards.  This  aiTangenient  :s  sometimes  repeated  through- 
out a  gi'eat  succession  of  strata.  From  what  we  know  of  the  growth  of 
similar  zoophytes  in  modem  reefe,  we  infer  that  the  rate  of  increase  was 
exti'emely  slow,  and  some  of  the  fossils  mnst  have  flourished  for  ages  like 
forest  trees  before  they  attamed  so  large  a  size.  During  these  ages,  the 
water  remamed  dear  and  ti^anspai-ent,  for  such  corals  cannot  Uve  in  tin- 
bid  water. 

In  like  manner,  when  we  see  thousands  of  fiill-grown  shells  diapa'sed 
everywhere  throughout  a  long  series  of  strata,  we  cannot  doubt  that 
time  was  required  for  the  multiplication  of  snccessive  generations  ;  and 
the  evidence  of  slow  accumulation  is  rendered  more  stiiMug  from  the 
proofe,  so  often  discovered,  of  fossil  bodies  havbg  kin  for  a  time  on  the 
floor  of  the  ocean  afcr  death  before  Oiey  were  imbedded  in  sediment. 
Nothing,  for  example,  is  more  common  than  to  see  fossil  oystera  in  clay 
with  serpuliE,  or  barnacles  {arora-sliells),  or  corals,  and  other  weatuie^ 
attached  to  the  inside  of  the  valves,  so  that  the  moliusk  was  certainly 
not  buned  in  argiUaceous  mnd  the  moment  it  died.  There  must  have 
been  an  mteiTal  during  which  it  was  still  surrounded  with  clear  water 
when  the  testacea,  now  adhering  to  it,  grew  from  an  embiyo  state  to  fiUl 
^  1  are  merely  external,  like  some  of  the 

^^  '  (fig-  10),  may  often  have  grown  upon 

an  oyster  or  other  shell  while  tho  an- 
imal within  was  still  Hving;  bnt  if 
they  are  found  on  tlie  inside,  it  eonld 
oidy  happen  after  the  death  of  the 
inhabitant  of  ilie  shell  whidi  affoiilt 
the  support.  Tlius,  in  fig,  10,  it  ^vill 
be  seen  that  two  sei'pulaa  have  grown 
on  the  interior,  one  of  them  exactly 
on  the  place  where  tlie  adductor  mm- 
cie  of  the  Chyphma  {a  kind  of  oys- 
'(  ter)  was  fixed. 

Rome  fossil  shells,  even  if  simply 

I  attached  to  the  outside  of  others,  bear 

■  full  testimony  to  the  condusion  above 

alluded  to,  namely,  that  an  infeiTal 

elapsed  between  the  death   of  the 

eieatuie  to  whose  shell  they  adhere, 

andtliebuiialofthe  same  m  mud  or 

sand.     The  sea-urchins  or  Schini,  so 

'  abundant  in  white  chalk,  afford  a  good 
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illustration.  It  is  well  known  that  tlioe  animals,  when  living,  aie  inva- 
riahly  covered  with  numerous  spines,  which  serve  as  organs  of  motion, 
and  are  suppoi-ted  by  rows  of  tuberclei  -which  last  are  only  seen  aftpr  the 
death  of  the  sea-urchin,  when  the  apmes  have  dropped  off  In  fig  12  a 
living  specimen  of  Spatangtis,  com  no  i  on  o  it  conat  i    iepie=pnf«d  w^th 


one-half  of  its  shell  stripped  of  the  spines.  In  %.  II  a  fossil  of  the 
same  genus  from  the  white  chalk  of  England  shows  the  naked  surface 
which  the  individuals  of  this  family  exhibit  when  denuded  of  their  bris- 
tles. The  full-grown  Serpula,  therefore,  which  now  adheres  ext«mally, 
«ould  not  have  begun  to  grow  till  the  Spatangun  had  died,  and  the 
spines  were  detached. 

■  ;s  of  events  here  attested  by  a  single  fossil  may  be  caiTied 
Thus,  for  example,  we  often  meet  with  a  sea-urchin  in 
;.  1 3),  which  has  fixed  to  it  the  lower  valve  of  a  Crania, 
a  genns  of  bivalve  moUusca.     The  uppei'  valve  (i,  fig. 
13)  is  almost  invariably  wanting,  though  occasionally 
found  in  a  perfect  state  of  preservation  in  white  cluJk 
at  some  distance.    In  ttis  case,  we  see  dearly  tliat  the 
sea-urchja  first  lived  firom  youth  to  age,  then  died  and 
lost  its  spines,  which  were  cainied  away.    Then  the 
fJJ^  ^j,  young  Crama  adhered  to  the  bared  shell,  grew  and 
~~-^   •■:*   1^™  perished  in  its  turn ;  after  which  the  upper  valve  was 
attached.  separated  from  the  lower  before  the  Echimi^  became 

Upper  tbJts  of  tha       ^  ,  .       ,     „  , 

cnBiWdetsohed.      enveloped  m  chalky  mud. 

It  may  be  well  to  mention  one  more  iUusti'ation  of  the  manner  in 
which  single  fossils  may  sometimes  throw  light  on  a  former  state  of 
things,  both  in  the  bed  of  the  ocean  and  on  some  adjoining  land.  _We 
meet  with  many  fragments  of  wood  bored  by  ship-worms,  at  various 
depths  in  theday  on  which  London  is  built.  Entire  branches  and  stems 
of  trees,  several  feet  in  length,  are  sometimes  dug  out,  drilled  all  over  by 
the  holes  of  tb^e  borers,  the  tubes  and  shells  of  the  mollusk  still  re- 
maining in  the  cyhndrical  hoUoivs,  In  fig.  15  e,  a  representation  is 
^vcu  of  a  piece  of  recent  wood  pierced  by  the  Tei-edo  navalis,  or  com- 
mon ship-worm,  which  destroj-B  wooden  piles  and  ships.  When  the 
cylindrical  tube  d  has  been  extracted  from  flie  wood,  a  siidl  is  seen  at 
the  larger  attremity,  composed  of  two  pieces,  as  shown  at  c.     In  like 
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maimei',  a  piece  of  fossil  wood  («  fig  14)  1im  been  peifoiateil  by  an 
animal  of  a  kindred  but  extinit  genus,  called  Teredma  by  Lamarck. 
The  calcareous  tuba    f  this  molh  k  was  un  ted  an  1  as  t  we  e 


Fig.  11.     r  BB  

£.  Bbell  eai  tube  of  TeraMnc 

Fig.  19,  a  Beeent  wood  bored  br  JItr-edo. 
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on  to  the  valves  of  the  shell  (6),  which  therefore  cannot  be  detached 
fi'om  the  tube,  like  the  valves  of  the  recent  Teredo.  The  wood  in  this 
fossil  specimen  is  now  convei-ted  into  a  stony  mass,  a  mixture  of  clay 
and  lime  ;  but  it  must  once  have  been  buoyant  and  floating  in  the  sea, 
when  the  Teredince  hved  upon  it,  perforating  it  in  al]  directions.  Again, 
before  the  infant  colony  settled  upon  the  drift-wood,  the  branch  of  a  ti'ee 
must  have  been  floated  down  to  the  sea  by  a  iiver,  uprooted,  perhaps,  by 
a  flood,  or  torn  off  and  cast  into  the  waves  by  the  wind  :  and  thus  our 
thoughts  are  carried  back  to  a  prior  period,  when  the  tree  grew  for  years 
on  dry  land,  enjoying  a  fit  soil  and  climate. 

It  has  been  already  remarked  that  there  are  rocis  in  the  interior  of 
continents,  at  various  deptlis  in  the  earth,  and  at  great  heights  above  the 
sea,  almost  entirely  made  up  of  the  remains  of  zoophytes  and  testaeea. 
Such  masses  may  be  compared  to  modem  oyster-beds  and  coral  reefe ; 
and,  like  them,  the  rate  of  increase  must  have  been  extremely  gradual. 
But  tliere  are  a  variety  of  stony  deposits  in  the  earth's  crust,  now  proved 
to  have  been  derived  from  plants  and  animals,  of  which  the  organic  ori- 
gin was  not  suspected  until  of  late  years,  even  by  naturalists.  Great 
surpiise  was  therefore  created  by  the  i-ecent  discovery  of  Professor  Ehren- 
berg  of  Berlin,  that  i  certain  land  of  siliceous  stone,  called  tripoli,  was 
entirely  composed  of  millions  of  the  remains  of  organic  beings,  which 
the  Prussian  naturalist  refers  to  microscopic  Infusoria,  but  which  most 
others  now  believe  to  be  plants  They  abound  in  freshwater  lakes  and 
ponds  in  England  and  othei  countries,  and  are  termed  Diatomaceas  by 
those  naturalists  who  beli>,iH  m  their  vegetable  origin.     The  substance 
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alluded  to  has  long  been  well  knowii  in  the  arts,  being  used  in  the  foriti 
of  powdei'  for  polishing  stones  and  metals.  It  has  been  procured,  among 
other  places,  from  Bilin,  in  Bohemia,  where  a  single  stratum,  extending 
over  a  wide  area,  is  no  less  than  14  feet  thick.  This  stone,  when  exam- 
ined with  a  powerful  microscope,  is  fonnd  to  consist  of  tlie  siliceous 
plates  or  frustules  of  the  above-mentioned  Diatomacca;,  united  together 


II 


Fig.  11 
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m^niaed  nefltly  300  UmeB,  en 
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without  any  visible  cement.  It  is  difficult  to  convey  an  idea  of  their 
extreme  minuteness  ;  bnt  Ehrenbei'g  estimates  that  in  the  Bilin  tripoli 
there  are  41,000  millions  o[  individuals  of  the  Gaillonella  distans  (see 
flg.  I^)  in  every  cubic  inch,  which  weighs  about  220  grains,  or  about 
187  millions  in  a  single  grain.  At  every  stroke,  therefore,  that  we  maie 
with  this  polishbg  powder,  several  millions,  perhaps  tens  of  millions,  of 
perfect  fossils  ai'e  crushed  to  atoms. 

The  remains  of  these  Diatomaccaj  are  of  pure  silex,  and  their  forms 
e       'o      I  t  1    1      1     n  t  nt  'n  parti  uUr  genera  and  spe- 

p^  P     fl  e      Thu    n  tl  e  iamily  .5a- 

clla  a  (see  fig  16),  the  fos- 
1  p  e  e  ed  n  tripoli  are 
seen  to  eihib  t  the  same  di- 

wh  1  characterize  the  living 
spec  es  of  k  ndred  form.  With 
these  al  o  the  siliceous  spicu- 
i£e  or  mtemal  supports  of  the 
fresh  ate  sponge,  or  Spon- 
g-  lla  of  La  arck,  are  some- 
gled  (see  the 
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ity  ci 
although  hard,  are 
very  fragile,  breaking  like 
glass  and  are  the  efore  admi- 
■ably  adapted  when  nibbed, 
for  wean  g  down  into  a  fine 
ptwler  fit  for  lolishing  the 
surf   e  of  metal 

Bes  des  the  t  poll,  formed 
exclu'uvely  ol 
lescnbed,  t' 
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xipper  part  of  tlie  great  stratuni  at  Bilin  another  heavier  and  ihoto  cojnpact 
Btoiie,  a  tind  of  semi-opal,  in  wMeh  innumerable  parts  of  Diatomace;e 
aEcl  epiculte  of  tlie  SpongUla  are  filled  with,  and  cemented  togethei'  by, 
siliceous  niattei'.  It  is  supposed  that  the  siliceous  remains  of  the  most 
delicate  Diatomaceaa  have  been  dissolved  by  water,  and  have  thus  givon 
rise  to  this  opal  in.  whieli  the  more  durable  fossils  are  preserved  like  in- 
sects in  amber.  This  opinion  is  conflnned  by  the  feet  that  the  organic 
bodies  decrease  in  number  and  sharpness  of  outline  in  proportion  as  iht^ 
opaline  cement  increase  in  quantity. 

In  the  Bohemian  tripoh  above  described,  as  in  that  of  Planitz  in  Sax- 
ony, the  spedes  of  Diatomacejs  (or  Infusoria,  as  termed  by  Ehrenberg) 
are  freshwater ;  but  in  other  countries,  aa  in  tlie  tripoli  of  the  Isle  of 
France,  tiiey  are  of  marine  species,  and  they  all  belong  to  formations  of 
the  tertiary  period,  which  will  be  spoken  of  hereafter. 

A  well-known  substance,  called  bog-iron  ore,  often  met  witli  in  peat- 
mosses, has  also  been  shown  by  Ehrenbei'g  to  consist  of  innumerable  ai'- 
ticulated  threads,  of  a  yellow  ochre  color,  composed  partly  of  flint  and 
partly  of  oxide  of  iron.  These  threads  are  the  cases  of  a  minute  micro- 
scopic body,  called  Qailltmella  ferrv,ginea  (fig.  18), 

It  is  clear  that  ranch  time  must  have  been  required  for  the  accumula- 
tion of  strata  to  which  countless  genei'ations  of  Diatomacete  have  contrib- 
uted their  remains ;  and  these  discoveiies  lea<l  lis  naturally  to  suspect 
that  otiier  deposits,  of  which  the  mater^ls  have  been  usually  suppcsed  to 
be  inorganic,  may  in  reality  have  been  derived  from  microscopic  organic 
bodies.  That  tlds  is  the  case  with  the  white  chalk,  has  often  been  im- 
iigined,  fiiis  rock  having  beei  obsei'ved  to  abound  in  a  variety  of  marine 
fossils,  such  as  shells,  echini,  corals,  sponges,  Crustacea,  and  fishes.  Mr. 
■Lonsdale,  on  examining,  in  Oct,,  1835,  in  the  museum  of  the  Geological 
Society  of  London,  portions  of  white  chalk  from  diffei'ent  parts  of  Eng- 
land, found,  on  carefully  pulverizing  them  in  water,  fbat  what  appear  to 
the  eye  simply  as  white  grains  were  in  feet,  well  preserved  fMsils  He  ob 
tained  above  a  thousajid  of  these  froai  eadi  poun  i  weight  of  chalk,  some 
being  fragments  of  minute  LoralhuLS,  others  tntire  ForaimnifLra  and 
Cytheridas  The  annexed  dr^wmgs  will  gi\e  an  idea  of  the  leautifid 
forms  of  m'ffly  of  these  bodies  The  figures  a  a  lepiesent  their  nitur^ 
size,  but,  mmute  as  ihi.j  seem  the  smallest  of  tJiem  such  as  a  fig  2 ■! 


.ire  gigantic  in  comparison  witb  tlie  cases  of  Diatomaceie  before  men- 
tioned. It  has,  moreover,  been  lately  discovered  that  the  chambers  into 
which  these  Foraminifera  are  divided  jtre  actually  often  filled  with  thou- 
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saii'U  of  well-preserved  organic  bodies,  ivMch  abound  in  eveiy  minute 
grain  of  chalk,  and  are  espeeiallj"  apparent  in  the  white  coating  of 
flints,  oftpn  accompanied  by  innumerable  needle-sbaped  spicul»  of 
t.pongeR.  After  ivflecting  on  these  discoyeiies,  we  are  naturally  led  on 
to  conjecture  that,  as  the  formlebs  cempnt  in  the  semi-opal  of  Bilin  has 
been,  derived  from  the  decomposition  of  animal  and  vegetable  remains, 
so  idao  even  those  parts  of  chalk  flints  in  which  no  oiganic  structure 
viin  be  recognized  may  nevertlieless  have  constituted  a  part  of  micro- 
ct'opic  animalcules. 

How  faint  an  idea  does  this  exclamation  of  tbe  poet  convey  of  the 
real  wonders  of  nature  1  for  here  we  discover  proofe  that  the  calcareous 
aud  siliceous  dust  of  which  hills  are  composed  has  not  only  been  once 
alive,  but  almost  every  partide,  albeit  invisible  to  the  naked  eye,  still 
retains  the  organic  structure  whieli,  at  periods  of  time  incalculably  re- 
mote, was  impressed  upon  h  by  tbe  powew  of  life. 

Freshwater  and  marine  fossik. — Strata,  whether  deposited  in  salt 
or  fresh  water,  have  the  same  forms ;  but  the  imbedded  fossils  are 
very  different  in  tbe  two  cases,  because  the  aquatic  animals  which  fre- 
quent lakes  and  riveis  ai'e  distinct  from  those  inhabiting  the  sea.  In 
tbe  northern  part  of  the  Isle  of  Wight  a  fonnation  of  marl  and  lime- 
stone, more  tlian  50  feet  tliick,  oecm's,  in  which  tlie  shells  are  prin- 
lapally,  if  not  all,  of  extinct  spedes.  Yet  we  recognize  their  freshwater 
origin,  because  tKey  are  of  the  same  genera  as  those  now  abounding 
in  ponds  and  lates,  either  in  our  own  country  or  in  warmer  latitudes. 

In  many  parts  of  Finance,  as  in  Auvergne,  for  example,  strata  of  linie- 
stone,  marl,  and  sandstone  ai*  found,  hundreds  of  feet  thick,  whidi  con- 
tain esclusively  freshwater  and  land  shells,  together  with,  tbe  remains  of 
terrestrial  quadrupeds.  The  numbei'  of  land  shells  scattered  through 
some  of  these  fi'esbwater  deposits  is  exceedingly  great ;  and  there  are 
districts  in  Geiinany  where  the  roeks  scarcely  contain  any  other  fossils 
except  snMl-shells  {heliees) ;  as,  for  instance,  the  limestone  on  the  left 
bank  of  the  Rhine,  between  Mayence  and  Worms,  at  Oppenheim,  Find- 
heim,  Budenheim,  and  other  places.  In  order  to  account  for  this  phe- 
nomenon, the  geologist  has  only  to  examine  the  small  deltas  of  toiTents 
which  enter  the  Swiss  lakes  when  the  waters  are  low,  such  as  the  newly- 
formed  plain  where  the  Kander  entera  tte  Lake  of  Thun.  He  there  sees 
sand  and  mud  strewed  over  with  innumerable  dead  land  shells,  which 
have  been  brought  down  from  valleys  in  the  Alps  in  the  preceding  springy 
duiing  the  meltang  of  the  snow«  Again,  if  we  seardi  the  sands  on  the 
bi>idei5  of  the  Ehiue,  m  the  lower  part  of  its  course,  we  find  countless 
laud  hhells  mixed  with  others  of  spedes  belonging  to  lates,  stagnant 
pools,  ind  marshes  These  mdiriduals  have  been  washed  away  from 
the  illnvial  plains  of  the  gieit  river  and  its  tributaries,  some  from 
mountunous  itgions,  otheis  fioin  the  low  countrv. 
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Although  freshwater  formations  ai'e  often  of  great  tliiclsneas,  yet  they 
are  usually  very  limited  in  area  when,  compared  to  marine  deposits, 
just  as  lakes  and  estuaries  are  of  small  dimensions  in  comparison  with 

We  may  distinguish  a  freshwater  formation,  fii'st,  by  the  absence  of 
mai;y  fossils  almost  invariably  met  with  in  marine  strata.  For  eiample, 
there  aie  no  sea-urchins,  no  corals,  and  searcely  any  zoophytes;  no 
chambered  shells,  such  as  the  nautilus,  nor  microscopio  Foraminifera. 
But  it  is  chiefly  by  attending  to  the  forms  of  tie  moUusca  that  we  are 
guided  m  determining  the  point  in  question.  In  a  fteahwater  deposit, 
the  number  of  individual  shells  is  often  as  great,  if  not  greater,  than  in 
a  marine  stratum  ;  but  there  ia  a  smaller  variety  of  species  and  genera. 
This- might  be  antidpated  from  the  fact  that  tjie  genera  and  species  of 
recent  freshwater  and  land  shells  are  few  when  contrasted  with  the  ma- 
rine. Thus,  the  genera  of  true  mollusca  according  to  Blainville's  system, 
excluding  those  ot  eitmct  speuea  and  those  without  shells,  amoimt  to 
about  200  in  number  of  whi(,h  the  terrestri'il  and  freshwater  genera 
scarcely  form  more  than  a  sixth  ^ 

Almost  all  bivahe  shell''     r  tli7  e  ot     eihil  w  m  llitsca,  are  marine, 


rena,  Unto,  and  Anodmta  (sen  figures);  the  two  inst  ill  t  o  list  of 
which  are  so  nearly  allied  as  to  pass  into  each  oth'-r 
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Lamarck  divided  the  bivalve  moUusca  into  the 
Dimyary,  ov  those  having  two  large  muscular 
impressions  in  each  valve,  as  a  6  in  the  Cydas, 
fig,  25,  and  the  Monomyary,  such  as  the  oyster 
and  scallop,  in  which  there  is  only  one  of  these 
impressions,  as  is  seen  in  fig.  30.'  Noif,  as  none 
of  these  last,  or  the  unimuacular  bivalves,  are 
freshwater,  we  may  at  once  presume  a  deposit  in 
which  we  find  any  of  them  to  be  marine. 

The  univalve  shells  most  eharacteiistic  of  fresh- 
water deposits  are,  PlanorUs,  Lymnea,  and  Pa- 
But  to  tkeae  are  occasionally  added  Phym,  Suc- 


eiJ.    Isle  of  Wight,  SobAI.    llanis.  fossil.    Hinti 

ea,  Ancylus, Valvata, Melajuyisia,  Melati m,  and J^eri hm    (See figures.) 


Puis  bDBl  bsslo. 

cept  ill  the  animal.     Th      h  1,  h  w    e  he  An  yl      is  ii   illy 

thinner.* 
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Some  naturalists  include  JVeritina  (fig.  42)  and  the  marine  Na-ita 
(fig.  43)  ill  the  same  genns,  it  being  scarcely  possible  to  distinguish  tlie 


ITermjsa  gUibidi  s    Fniia  La 

two  by  good  generic  charactEis.     But,  a 

fluviatile  apedes  are  smaller,  smoother,  and  i 

than  tie  marine  ;  and  they  have  neper,  lite  the  JVeritct,  the 

inner  margin  of  the  outer  lip  t^iothed  or  orenulated,     (Spp 

%.  4S.) 

A  few  genera,  among  which  Cerithium  (fig.  44)  is  the  must 

on  botli  to  rivers  aud  the  sea,  having  spe     csno^mi 
.   Otiier  genera,  like  ^m-jcMfo  (fig.  88),  are    pj^il^V 


abundant, 

amphibiou 

The  terrestrial  shi 
among  these,  botli 


lKh« 

1  all  univalves.    The  most  abundant  genera 
I  recent  and  fossil  state,  are  Helix  (fig.  45),  Cy- 


clostoma  (fig.  46),  Pupa  (fig.  47),  Clausilia  (fig.  48),  Bulimus  (fig.  49), 


3,rA  Ackatvna, ,  which  two  list  are  aoaily  allied  ani  p^ss  mtoeach  ftli  i 
The  A  pullana  (fig  oO)  is  an  thei  ^enus  tf  sheila  mh-^bitm^  n  er^ 
ind  ponds  in  h^t  countries     Many  fossil  sj  eci  s  hi 
been  refenel  t    this  genus  but  thej  have  1  enfoi  d 
ehiefiy  m   mwine  formitions    fnd  are  sispectet  b^ 
e  cojicholom  ts  to  belong  to  Naiica  md  oth  r  i  •! 

All  unnabe  shells  of  hnd    ni  fieshwater  sjeip 

with  the  excel  tioE  °^  Melanosis  (fig  41)  and  A  I 

AmpuOaria'/aiu^    ' ""    which  his    1    "light  indentation    hive    ent 

from  tho  Jumna.  months  and  this  ciTcumst^iee  may  often  seive  t 
a  convenient  rule  for  distinguishing  freshwater  fi^m  iinrne  strati 
since,  if  any  univalves  occir  of  which  thp  months  are  not  entn  \ 
■esume  that  the  formation  is  marine.  The  aperture  is  &aid  to  bi. 
n  such  shells  as  the  Ampullaria  and  Uie  land  shells  (figs.  45 — 
40),  when  its  outline  is  not  interrapt^d  by  an  indentation  or  notch. 
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such  as  that  seen  at  6  in  Ancillaria  (fig.  52) ;  or  is  not  prolonged  into 
a  canal,  as  that  seen  at  a  in  Pieurotoma  (fig.  51). 

The  mouths  of  a  large  proportion  of  the  maiine  univalves  have  these 
notches  or  eanils  and  almirit  iR  such  specie?  are  carnivorous"  whei'e^s 


Fftfia. 


nearly  all  testaoea  having  ent  re  mouths  vte  plant-e-it  ib  vihethpr  ti  c 
species  be  maiine,  freshwiter    i  terrp«tr  il 

There  is,  however,  one  genus  winch  aifords  an  occasional  exception  to 
one  of  tlie  above  mlea.  Tlie  Cerithium  (flg.  44),  although  provided  with 
a  short  canal,  compiisea  some  species  which  inhabit  salt,  othei's  brackish, 
and  others  fresh  water,  and  they  are  said  to  be  all  plant-eatei's. 

Among  the  fossils  very  common  in  freshwater  deposits  are  the  shelis 
of  Cy2nis,  a  minute  cnistaceous  animal,  having  a  shell  much  resembling 
that  of  tlie  bivalve  mollusea.*  Many  minute  living  species  of  this  genus 
swarm  in  lakes  and  stagnant  pools  in  Great  Britaia ;  but  Uieir  shells  are 
not,  if  considered  separately,  conclusive  as  to  ika  fresliwater  origin  of  a 
deposit,  because  the  majority  of  species  in  another  kindred  genus  of  the 
same  oider,  tlie  Oytheiirta  of  Lstmarct  (see  above,  fig.  21,  p.  26),  in- 
habit salt  water ;  and,  although  the  animal  differs  slightly,  tiie  shell  is 
scarcely  distinguishable  from  that  of  the  CypHs. 

The  seed-vessels  and  stems  of  Cliara,  a  genus  of  aquatic  plants,  are 
veiy  frequent  in  freshwater  strata.  These  seed-vessels  were  called,  before 
their  true  nature  was  known,  gyrogonites,  and  were  supposed  to  be 
foraminiferous  shells.     (See  flg.  S3  a.) 

The  Oharo!  inhabit  tlie  bottom  of  lakes  and  ponds,  and  flourish 
mostly  where  the,  water  is  charged  with  carbonate  of  lime.  Their  seed- 
vessels  are  covered  with  a  very  tough  integument,  capable  of  resisting 
decomposition ;  to  which  circumstance  we  may  attribute  their  abundance 
in  a  fossil  state.  The  annexed  flgure  (fig.  54)  I'epresenla  a  branch  of 
one  of  many  new  species  found  by  Professor  Amid  in  the  lakes  of 
northern  Italy.  The  seed-vessel  in  this  plant  is  more  globular  than  in 
the  British  Charm,  and  therefore  more  nearly  resembles  in  form  the  ex- 
tinct fossil  species  found  in  England,  France,  and  other  countties.     llie 

«  For  figuriis  of  reccnti  species,  bpu  below,  ]i,  183,  and  figs,  of  fossils,  eee  p.  228. 
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well  as  the  =eed-vessels,  of  these  plants  occur  liota  m  modern 
anLiPut  freshwater  formations.     They  are  generally 


composed  of  a  large  tube  surrounded  hy  smallei'  tuhes  ;  tlie  whole  stem 
being  divided  at  certain  intei-vals  by  transvei'se  partitions  or  joints, 
(See  5,  fig.  53.) 

It  is  not  uncommon  to  meet  ivith  layers  of  vegetable  matter,  impres- 
Mons  of  leaves,  and  branches  of  trees,  in  strata  containing  freshwater 
sheila ;  and  we  also  fiad  occasionally  the  teeth  and  hones  of  land  quad- 
rupeds, of  species  now  unknown.  The  manner  in  which  such  remains 
are  occasionally  carried  by  rivers  into  lakes,  especially  during  floods,  has 
been  fully  treated  of  in  the  "  Principles  of  Geology."* 

The  remains  of  fish  are  oocasionaUy  useful  in  determining  the  fresh- 
water origin  of  strata.  Certain  genera,  such  ■  as  carp,  pei'ch,  pike,  and 
loach  ( Cyprinus,  Perca,  Esox,  and  Gdbitis),  aa  also  Lehiat,  being  i>e- 
cuUar  to  freshwater.  Otlier  genera  contain  some  freshwater  and  some 
maiine  species,  as  Cottits,  Mugil,  and  Anguilla,  or  eel.  The  rest  are 
either  common  to  rivers  and  the  sea,  as  the  salmon ;  or  are  exclusively 
characteristic  of  salt  watar.  The  above  observations  respeding  fossil 
fishes  are  applicahle  only  to  the  more  modem  or  tertiary  deposits ;  for 
in  the  more  ancient  rocks  the  forms  depai-t  so  widely  from  those  of  ex- 
isting fishes,  that  it  is  very  difGcidt,  at  least  in  the  present  state  of  sci- 
ence, to  derive  any  positive  information  from .  icthyolites  respecting  the 
element  in  which  strata  were  deposited. 

The  alternation  of  marine  and  freshwater  formations,  both  on  a  small 
and  large  scale,  aw  fecta  well  ascertained  in  geology.  When  it  cecum 
on  a  small  scale,  it  may  have  arisen  fi'om  the  alternate  occupation  of 
certain  spaces  by  river  water  and  the  sea ;  for  in  the  flood  season  the 
river  forces  tack  the  ocean  and  fi'eshens  it  over  a  large  area,  depositing 
at  the  same  time  its  sediment ;  after  which  tbe  salt  water  again  returns, 
ti  resuming  its  former  place,  brings  with  it  sand,  mud,  and  marine 


shells. 


»  Sec  Index  of  Principlts,  "  Foaailization." 
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There  are  also  lagoons  at  the  mouths  of  maay  rivers,  as  the  Nile  and 
Mississippi,  which  are  divided  off  by  bars  of  sand  from  the  sea,  and 
which  are  filled  with  salt  and  fresh  water  by  turns.  They  often  comniu- 
nieate  exclusively  with  the  river  for  months,  years,  or  even  centuries  ; 
and  then  a  breach  being  made  in  the  bar  of  sand,  they  are  for  long  pe- 
riods filled  with  salt  water. 

The  Lym-Fiord  in  Jutland  oifers  an  excellent  illustration  of  analogous 
changes  ;  for,  in  the  course  of  the  last  thousand  years,  the  western  ex- 
tremity of  this  long  frith,  wHch  is  120  miles  in  length,  including  its 
windings,  has  been  four  times  fresh  and  four  times  salt,  a  bar  of  sand 
between  it  and  the  ocean  having  been  as  often  formed  and  removed. 
The  last  iiruptaon  of  salt  water  happened  in  1824;  when  the  North  Sea 
entered,  kilhng  all  the  freshwater  shells,  fish,  and  plants ;  and  from  that 
time  to  the  present,  the  sea-weed  Fucus  veaiculosus,  together  with  oys- 
ters and  other  marine  mollusca,  have  succeeded  the  Cyclas,  I/ymnea, 
Paludina,  and  Oharce.* 

But  changes  hke  these  in  the  Lym-Fiord,  and  those  before  mentioned 
as  occurring  at  the  mouths  of  great  rivers,  will  only  account  for  some 
cases  of  marine  deposits  of  partial  extent  resting  on  freshwater  strata. 
When  we  find,  as  in  the  southeast  of  England,  a  great  series  of  fresh- 
water beds,  1000  feet  in  thictness,  resting  upon  marine  formations  and 
again  covered  by  other  rocks,  such  as  the  cretaceous,  more  than  1000 
feet  tbick,  and  of  deep-sea  origin,  wp  shall  find  it  necessary  to  seek  for  a 
different  explanation  of  the  phenomena.f 


CHArTEE   IV. 

CONSOLIDATIOM    OF    STRATA    AND    PETRIFACTION    OF    FOSSILS. 

Chemical  and  meohaoioal  dspoaits — Cementing  trgethec  of  pacticles — Hnrdeniiig 
by  exposure  to  ^r — Conoretionarj  nodules — GoaBolidatii^  effects  of  pressure — 
Mineralization  of  organic  remiuDB — Impressions  and  casta  how  formed — Fossil 
wood — GOppert'a  esperimenis — Precipitation  of  stony  mattet  moat  rapid  where 
putrefaciion  is  going  on— Source  of  lime  in  Bolotion^Silex  derived  from  de- 
composition of  felspar— Proofs  ot  the  lapidification  of  some  fossils  soon  after 
buriid,  of  others  whan  much  decajed, 

Havikg  spoken  in  the  preceding  chapters  of  the  characters  of  sedi- 
mentary formations,  both  as  dependent  on  the  deposition  of  inoiganie 
matter  and  the  distribution  of  fossils,  I  may  next  treat  of  the  consolidation 
of  stratified  rocks,  and  the  petrifaction  of  imbedded  organic  remains. 

Chemical  and  iaechimical  deposits. — A  distinction  has  .been  made  by 

*  See  Prmciplcs,  Indes,  "  Ljm-Fiord." 

t  See  below,  Chap.  XVIII.,  on  the  Woaldon. 
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geologists  between  deposits  of  a  diemical  and  tliose  of  a  mechanieal, 
origin.  By  the  latter  name  ai'e  designated  beds  of  mud,  sand,  or  peb- 
bles produced  by  the  action  of  nuining  water,  also  accumulations  of 
stones  and  seorise  thrown  out  by  a  volcano,  which  have  fallen  into  their 
present  place  by  the  force  of  gravitation.  But  the  matter  which  foiins 
a  chemical  deposit  has  not  been  mechanically  suspended  in  water,  but  in 
a  state  of  solution  until  separated  by  chemical  action.  In  this  manner 
carbonate  of  lime  is  often  precipitated  upon  the  bottom  of  lakes  and 
seas  in  a  sohd  form,  as  may  be  well  seen  in  many  parts  of  Italy,  where 
mineral  springs  abound,  and  where  the  calcareous  stone,  called  travertin, 
is  deposited.  In  these  springs  the  lime  is  usually  held  in  solution  by  an 
excess  of  carbonic  acid,  or  by  heat  if  it  be  a  hot  spring,  until  the  water, 
on  issuing  from  the  earth,  cools  or  loses  part  of  its  acid,  The  calcareous 
matter  then  falls  down  in  a  solid  state,  incrusting  shells,  fragments  of 
wood  and  leaves,  and  binding  them  together.* 

In  coral  reefe,  large  masses  of  limestone  are  formed  by  the  stony  skel- 
etons of  zoophytes ;  and  these,  together  with  shells,  become  cemented 
together  by  carbonate  of  lime,  part  of  which  is  probably  furnished  to 
the  sea-water  by  the  decomposition  of  dead  corals.  Even  shells  of  which 
the  animaJs  are  still  living,  on  fliese  reefe,  are  very  commonly  found  to 
be  incrusted  over  with  a  haid  coating  of  limestone.f 

If  sand  and  pebbles  are  carried  by  a  river  into  the  sea,  and  these 
are  bound  together  immediately  by  carbonate  of  lime,  the  deposit 
may  be  described  as  of  a  mixed  origin,  partly  chemical,  and  partly 
mechanical. 

Now,  the  remarks  already  made  in  Chapter  II.  on  the  original  hori- 
zontality  of  strata  are  strictiy  applicable  to  mechanical  deposits,  and 
only  partially  to  those  of  a  mixed  natm'e.  Such  as  are  purely  ehemicai 
may  be  formed  on  a  very  steep  slope,  or  may  even  incrust  the  veiticai 
walls  of  a  fissure,  and  be  of  eijual  thickness  throughoxit ;  but  such  de- 
posits are  of  small  extent,  and  for  the  most  part  confined  to  vein-stones. 

Cementing  of  particles. — It  is  chiefiy  in  the  case  of  c^careous  rocks 
that  solidification  takes  place  at  the  time  of  deposition.  But  there  are 
many  deposits  in  which  a  cementing  process  comes  into  operation  long 
afterwards.  We  may  sometimes  observe,  where  the  water  of  ferniginous 
or  calcareous  springs  has  flowed  through  a  bed  of  sand  or  gravel,  that 
iron  or  carbonate  of  lime  has  been  deposited  in  the  inteistices  between 
the  grains  or  pebbles,  so  that  in  certain  places  the  whole  has  been  bomid 
together  into  a  stone,  the  same  set  of  strata  remaining  in  other  parts 
loose  and  incoherent. 

Proofe  of  a  similar  cementing  action  are  seen  in  a  rock  at  Kelloway 
in  Wiltshire.  A  peculiar  band  of  sandy  strata,  belonging  to  the  group 
called  Oolite  by  geologists,  may  be  traced  through  several  counties,  the 
sand  being  for  the  most  part  loose  and  unconsolidated,  but  becoming 
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stony  near  Kelloway,  In  this  district  tliere  are  numerous  fosai!  sheik 
which  have  decomposed,  having  for  the  moat  part  left  only  tbeir  casts. 
The  calcareous  matter  hence  derived  has  evidently  served,  at  some  former 
period,  as  a  cement  to  the  siliceous  grains  of  sand,  and  thus  a  solid  sand- 
stone has  heen  produced.  If  we  take  fragments  of  many  other  argilla- 
ceous grits,  retaining  the  casta  of  shells,  and  plunge  them  imto  dilute 
muriatic  or  other  acid,  we  see  them  immediately  changed  info  common 
saiid  and  mud ;  the  cement  of  lime  derived  from  the  shells,  having  been 
dissolved  by  the  acid. 

Traces  of  impressions  and  casts  are  oft^  extremely  faint.  In  some 
loose  sands  of  recent  date  we  meet  wiUi  shells  in  so  advanced  a  stage  of 
decomposition  as  to  crumble  into  powder  when  touched.  It  is  dear  that 
water  percolating  such  strata  may  soon  remove  the  calcai'eons  matter  of 
the  shell ;  and,  unless  circumstances  eanse  the  carbonate  of  lime  to  be 
again  deposited,  the  grains  of  sand  will  not  be  cemented  together  ;  in 
which  case  no  memorial  of  the  fossil  will  remain.  The  absence  of  or- 
ganic remains  fiom  many  aqueous  rocks  may  be  thus  e 
we  may  presume  that  in  many  of  them  no  fossils  were  ever  ii 
as  there  are  extensive  tracts  on  the  bottoms  of  existing  seas  even  oi 
moderate  depth  on  which  no  fragments  of  shell,  coral,  or  other  hving 
creature  can  be  detected  by  dredging.  On  the  other  hand,  there  are 
depths  where  the  zero  of  animal  Hfo  has  been  approached  ;  as,  for  ex- 
ample, in  the  Mediterranean,  at  the  depth  of  about  230  fathoms,  accord- 
ing to  the  researches  of  Prof.  E.  Forbes.  In  the  jEgean  Sea  a  deposit 
of  yellowish  mud  of  a  very  uniform  character,  and  closely  reaembhng 
ch^k,  is  going  on  in  regions  below  230  fathoms,  and  this  formation 
must  be  wholly  devoid  of  organic  remmns.* 

In  what  manner  silex  and  carbonate  of  lime  may  become  widely  dif- 
fused in  small  quantities  through  the  waters  which  permeate  the  earth's 
crust  will  be  spoken  of  presently,  when  the  petrifaction  of  fossil  bodies 
is  considered;  but  I  may  remark  here  that  such  waters  are  always 
passing  in  the  case  of  thermal  springs  from  hotter  to  colder  parts  of  the 
interior  of  the  earth ;  and  as  often  as  the  temperature  of  the  solvent  is 
loweied,  mineral  matter  has  a  tendency  to  separate  from  it  and  solidify. 
Thus  a  stony  cement  is  often  supplied  to  any  sand,  pebbles,  or  fragment- 
ary mixture.  lu  some  conglomerates,  like  the  pudding-stone  of  Hert- 
fordshire, pebbles  of  flint  and  grmns  of  sand  are  united  by  a  siliceous 
cement  so  firmly,  that  if  a  blocA  be  fractured  the  rent  passes  as  readily 
through  the  pebbles  as  through  the  cement. 

It  is  probable  that  many  strata  became  solid  at  the  time  when  they 
emerged  from  the  waters  in  which  they  were  deposited,  and  when  they 
first  formed  a  part  of  the  dry  land.  A  well-known  fact  seems  to  con- 
firm this  idea :  by  far  (he  greater  number  of  the  stones  used  for  building 
and  road-making  are  much  softer  when  first  taken  from  the  quarry 
than  after  they  have  been  long  exposed  to  the  air ;  and  th^e,  when  once 

*  Report  Brit,  Aaa.  184S,  p,  IIS. 
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dried,  may  afterwards  be  immersed  for  any  length  of  time  in  water 
without  heeoming  soft  again.  Hence  it  is  found  desirable  to  sliape  the 
stones  which  are  to  be  used  in  architectm'e  while  they  are  yet  soft  and 
wet,  and  while  they  contain  their  "  quarry-watfir,"  as  it  is  called ;  also  to 
break  np  stone  intended  for  roads  when  soft,  and  then  leave  it  to  dry  in 
the  air  for  months  that  it  may  harden.  Such  induration  may  perhaps 
be  accounted  for  by  supposing  the  wafer,  which  penetrates  the  minutest 
pores  of  rodts,  to  deposit,  on  evaporation,  carbonate  of  lime,  iron,  siiex, 
and  other  minerals  previoudy  held  in  solution,  and  thereby  fill  up  die 
pores  partially.  These  particles,  on  crystallizing,  would  not  only  be 
themselves  deprived  of  fteedom  of  motion,  but  would  also  bind  together 
other  portions  of  the  rock  which  before  were  loosely  aggregated.  On 
the  same  principle  wet  sand  and  mud  become  aa  hard  as  stone  when 
fi^aen;  because  one  ingredient  of  the  mass,  namely,  the  water,  has  crys- 
tallized, so  aa  to  hold  finnly  together  all  the  separate  particles  of  which 
the  loose  mud  and  sand  were  composed. 

Dr.  MacCulloch  mentions  a  sandstone  in  Skye,  which  may  be  moulded 
like  dough  when  first  found  ;  and  some  simple  minerals,  which  are  rigid 
and  aa  hard  as  glass  in  our  cabinets,  are  often  flexible  and  soft  in  their 
native  beds ;  this  is  the  case  with  asbestos,  sahhte,  tremolite,  and 
chalcedony,  and  it  is  reported  also  to  happen  in  the  case  of  the 
beryl.* 

The  marl  recenfly  deposited  at  the  bottom  of  Lake  Superior,  in  Nortii 
America,  is  soft,  and  often  filled  with  freshwater  shells ;  but  if  a  piece 
be  taken  up  and  dried,  it  becomes  so  hard  that  it  can  only  be  broken  by 
a  smart  blow  of  the  hammer.  If  the  lake  therefore  was  drained,  such 
a  deposit  woidd  be  found  to  consist  of  strata  of  marlstone,  like  that 
observed  in  many  ancient  European  formations,  and  like  them  contain- 
T  shells.| 
e  that  some  of  the  heterogeneous  materials  which  rivets 
transport  to  the  sea  may  at  once  set  under  water,  like  the  artificial  mix- 
ture called  pozzolana,  which  consists  of  fine  volcanic  sand  charged  with 
about  20  per  cent,  of  oxide  of  iron,  and  the  addition  of  a  small  quantity 
of  lime.  This  substance  hardens,  and  becomes  a,  sohd  stone  in  water, 
and  was  used  by  the  Romans  la  constraddng  the  foimdations  of  build- 
ings in  the  sea. 

Consohdation  in  these  cases  is  brought  about  by  the  action  of  chemical 
afiiniiy  on  finely  comminuted  matter  previously  suspended  in  water. 
After  deposition  similar  particles  seem  to  exert  a  mutual  attraction  on 
each  other,  and  congregate  together  in  particular  spots,  forming  lumps, 
nodulea,  and  conci'etions.  Thus  in  many  ar^Uaceous  deposits  there  are 
calcareous  balls,  or  spherical  concretions,  ranged  in  layeiB  parallel  to  the 
general  sti-atifioatdon ;  an  arrangement  which  took  place  after  the  shale 
or  marl  had  been  thrown  down  in  successive  laminae  ;  for  these  laminte 

*  Dr.  MaoOulloch,  Sjst.  of  Geol.  vol.  i.  p.  123. 
■|-  Princ,  of  CeoL,  Index,  "  Superior  Lake." 
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are  often  traced 
rounding  m 


IS,  remaining  psirallel  to  Uioae  of  fte  Bitr- 
(See  fig.  56.)  Such  nodnlea  of  lime- 
stone have  often  a  shell  or  other  foreign 
body  in  t!ie  centre.* 

Among  the  most  remarkable  exam- 
plea  of  concretionary  sti'UCture  are  those 
described    by  Professor  Sedgwick    as 
CaiarBouaaodniaiiiiLiia.  abounding  vo.  the  ma  gnesian  limestone 

of  the  north  of  England;  The  spherical  balls  are  of  various  sizes,  from 
tJiat  of  a  pea  to  a  diameter  of  several  feet,  and  they  have  both  a  con- 
centric and  radiated  structure,  while  at  tlie  same  time  the  lamm*  of 
original  deposition  pass  uninterruptedly  through  them.  In  some  cliffs 
this  limestone  resembles  a  great  irregular  pile  of  caimon  balls.  Some 
of  the  globular  mMses  have  their  centre  in  one  stratum,  while  a  portion 
of  their  exterior  passes  through  to  the  stratum  above  or  below.  Thus 
the  larger  spheroid  in  the  annexed  section  (fig.  56)  passes  from  the 
stratum  6  upwards  into  a.  In  this  in- 
stance we  must  suppose  the  deposition  of 
a  series  of  minor  layeiB,  first  forming  the 
stratum  b,  and  afterwards  tJie  incumbent 
stratum  a  ;  then  a  movement  of  the  par- 
ticles took  place,  and  tlie  carbonates  of 
iimtsi^uo.  jjj^g  ^^^  magnesia  separated  from  the 

more  impure  and  mixed  matt^f,  forming  the  still  unconsolidated  parts  of 
the  stratum.  Crystalliaation,  beginning  at  the  centre,  must  have  gone 
on  forming  concentric  coats,  around  the  original  nucleus  without  inter- 
fering with  the  laminated  structure  of  the  rock. 

When  the  particles  of  rocks  have  been  thus  rearranged  by  chemical 
foi'cea,  it  is  sometimes  difficult  or  impossible  to  ascertain  whether  certain 
lines  of  division  are  due  to  original  deposition  or  to  the  subsequent  ag- 
gregation of  similar  particles.  Thus  suppose  three  strata  of  grit,  A,  B, 
Fig.  ST.  C,  are  charged  uneqiially  with  calcareous 

matter,  and  that  B  is  the  most  calcareous. 
If  consolidation  takes  place  in  B,  the  con- 
cretionary action  may  spread  upwards 
into  a  part  of  A,  where  the  carbonate  of 
e  abundant  than  in  the  rest ;  so  that  a  mass  d,  e,f,  forming 
a  portion  of  the  superior  stratum,  becomes  united  with  B  into  one  sohd 
mass  of  stone.  The  original  line  of  division  d,  e,  being  thus  eflaeed,  the 
line  d,  /,  would  generally  be  considered  as  tiie ,  surface  of  the  bed  B, 
though  not  strictly  a  true  plajie  of  sti'atification. 

Pressure  and  heat. — When  sand  and  mud  sink  to  the  bottom  of  a 
deep  sea,  the  partides  are  not  pressed  down  by  the  enormous  weight  of 
the  incumbent  ocean ;  for  the  water,  which  becomes  mingled  with  the 
sand  and  mud,  resists  pressure  with  a  force  equal  to  that  of  the  column 

*  De  la  Beche,  Geol.  Rcsearchea,  p,  S5,  and  Geol.  Observer  (1851),  p.  686. 
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of  fluid  above.  The  same  happens  in  regard  to  organic  remains  which 
are  filled  with  water  under  great  pressiire  as  they  siafe,  otherwise  they 
would  he  immediately  crushed  to  pieces  and  flattened.  Neveitheless,  if 
the  materials  of  a  stratimi  remain  in  a  yielding  state,  and  do  not  set  or 
solidify,  they  will  he  gradually  squeezed  down  by  the  weight  of  other 
materiaJs  successively  heaped  upon  them,  just  as  soft  clay  or  loose  sajid 
on  which  a  house  is  built  may  give  way.  By  sueh  downward  pressure 
particles  of  clay,  sand,  and  marl,  may  become  packed  into  a  smaller 
apace,  and  be  made  to  cohere  together  permanently. 

Analogous  effects  of  condensation  may  ame  when  the  solid  parts  of 
the  earth's  crust  ai'o  forced  in  various  directions  by  those  mechanical 
movements  afterwards  lo  be  described,  by  which  strata  have  been  bent, 
broken,  and  raised  above  the  level  of  the  sea,  Rocks  of  more  yielding 
materials  must  often  have  been  forced  against  others  previously  consol- 
idated, and,  thus  compressed,  may  have  acquired  a  new  structure.  A 
recent  discovery  may  help  us  to  comprehend  how  fine  sediment  derived 
from  the  detritus  of  rocks  may  ba  solidified  by  mere  pressure.  The 
graphite  or  "  black  lead"  of  commerce  having  become  very  scarce,  Mr. 
Brockedon  contrived  a  method  by  which  the  dust  of  the  purer  portions 
of  the  mineral  found  in  Borrowdale  might  be  reeomposed  into  a  mass  aa 
dense  and  compact  as  native  graphita  The  powder  of  graphite  is  first 
carefully  prepared  and  freed  from  air,  and  placed  under  a  powerful  press 
on  a  strong  steel  die,  with  air-tight  fittings.  It  is  then  struck  several 
blows,  each  of  a  power  of  1000  tons  ;  after  wMch  operation  the  powder 
is  so  perfectly  solidified  fliat  it  can  be  cut  for  pencils,  and  exhibits  when 
broken  tlie  same  texture  as  native  graphite. 

But  the  action  of  heat  at  various  depths  in  the  e&rth  is  probably  the 
most  powerful  of  all  causes  in  hardening  sedimentaiy  strata.  To  this 
subject  I  shall  refer  again  when  treating  of  the  metamoi'phic  rocks,  and 
of  the  slaty  and  jointed  structure. 

Mineralization,  of  orgcmie  remains. — The  changes  which  fossil  organic 
bodies  have  undergone  since  they  were  first  imbedded  in  rocks,  tiirow 
much  light  on  the  consolidation  of  strata.  Fossil  shells  in  some  modem 
deposits  have  been  scarcely  altered  in  the  course  of  centuries,  having 
simply  lost  a  part  of  tiirir  animal  matter.  But  in  othei'  cases  the  shell 
has  disappeared,  and  left  an  impression  only  of  its  exterior,  or  a  cast  of 
its  interior  form,  or  thirdly,  a  cast  of  the  shell  itself  the  oiiginal  mattei> 
of  whidi  has  been  removed.  These  different  forms  of  fossilization  may 
easily  be  understood  if  we  examine  the  mud  recentiy  thrown  out  from  a 
pond  or  canal  in  which  there  are  shells.  If  the  mud  be  argillaceous,  it 
acquires  consistency  on  drying,  and  on  breaking  open  a  portion  of  it  we 
find  that  each  shell  has  left  impressions  of  its  external  form.  If  we  then 
remove  the  shell  itself,  we  find  within  a  sohd  nucleus  of  clay,  having  the 
form  of  the  interior  of  the  shell.  This  form  is  often  very  different  from 
that  of  the  outer  shell.  Thus  a  cast  suda  as  a,  fig.  58,  commonly  called 
a  fossil  screw,  would  never  be  suspected  by  an  inexperienced  eouchologist 
to  be  the  internal  sliape  of  the  fossil  univalve,  b,  fig.  58.     Wor  should 
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have  imagined  at  first  sight  that  the  shell  a  and  the  cast  6,  fig.  59, 
■e  different  parts  of  the  same  fossil.    The  reader  will  observe,  in  the 


le.    Coral  Rag. 

iast-mentioned  figure  (6,  fig.  59),  that  an  empty  space  shaded  dark,  whicli 
the  ghell  itself  once  occupied,  now  iatervenes  between  the  enveloping 
stone  attd  the  east  of  the  smooth  interior  of  the  whorls.  In  such  cases 
the  shell  has  been  dissolved  and  the  component  particles  removed  by 
water  percolating  the  rock.  If  the  nucleus  were  taken  out  a  hollow 
mould  would  remain,  on  which  the  external  form  of  tiie  shell  with  its 
tubercles  and  strife,  as  seen  in  a,  fig.  59,  would  be  seen  embossed.  H"ow 
if  the  space  alluded  to  between  the  nucleus  and  the  impression,  instead 
of  bang  left  empty,  had  been  filled  up  with  caloareous  spar,  flint,  py- 
rites, or  other  mineral,  we  then  obtain  from  the  mould  an  exact  cast  both 
of  the  external  and  internal  form  of  the  original  shell.  In  this  manner 
siHdfied  casta  of  shells  have  been  formed ;  and  if  the  mud  or  sand  of 
the  micleua  happen  to  be  incoherent,  or  soluble  in  acid,  we  can  then  pro- 
cure in  fliat  an  empty  shell,  whieJi  in  shape  is  the  exact  counterpart  of 
the  ori^nal.  This  east  may  be  compai'ed  to  a  bronze  statue,  representing 
merely  the  superfidal  form,  and  not  the  internal  oi^nization ;  but  liere 
is  another  description  of  petrifection  by  no  means  uncommon,  and  of  a 
much  more  wonderful  kmd,  which  may  be  compared  to  certain  anatom- 
ical models  in  wax,  where  not  only  the  outward  forms  and  features,  but 
the  nerves,  blood-vessels,  and  otiier  internal  oi^ana  are  also  shown. 
Thus  we  find  corals,  ori^nally  calcareous,  in  which  not  only  the  general 
shape,  bnt  also  the  minute  and  complicated  internal  organization  are  re- 
tMned  in  flint. 

Such  a  process  of  petrifaction  is  still  more  remarkably,  exhibited  m 
fosal  wood,  in  which  we  often  perceive  not  only  the  rings  of  annual 
growth,  but  a\\  the  minute  vessels  and  medullary  rays..  Many  of  tiie 
minute  pores  and  fibres  of  plants,  and  even  those  spiral  vessels  which  in 
the  living  vegetable  can  only  be  discovered  by  the  microscope,  are  pre- 
served. Among  many  instances,  I  may  mention  a  fossil  tree,  72  feet  in 
length,  found  at  Gosfortii  near  Newcastie,  in  sandstone  strata  associated 
with  coal.  By  cutting  a  transverse  slice  so  thin  r~  *-  '  """' 
and  magnifying  it  about  fifty-five  times,  the  texture 


5  to  transmit  light, 
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liibitecl.     A  texture  equally  minute  and  complicated  Las  been  observed 
F!g  Bt  ™  ^^  ^'^  '^^  '^'^  tiimka  of  fossil  trees  found 

'"  the  Ormgkith  quarry  near  Edinburgh,  where 


^  le  siliceous, 
but  consisted  ebiefly  of  carbonate  of  lime,  witli 
oxide  of  iron,  alumina,  and  carbon.  The  parallel 
rows  of  vessels  here  seen  are  tie  rings  of  an- 

nual  growth,  but  in  one  part  they  are  imperfectly 

Testure  of  a  tree  itora  tbe  Preserved,  the  wood  baying  probably  decayed 
S^m°)  °^™^*^6oS!"  ^^'^^^  ^^  mJneraJizing  matter  had  penetrated  to 
that  portion  of  the  tree. 
In'  attempting  to  explain  the  process  of  petrifaction  in  such  cases,  we 
may  first  assume  that  strata  are  very  generally  peimeat^d  by  water 
charged  with  minute  portions  of  calcareous,  siliceous,  and  other  eai'ths 
in  solution.  In  what  manner  (hey  become  so  impregnated  will  be  after- 
wards considered.  If  an  oi^nic  substance  is  exposed  in  the  open  air 
to  tbe  action  of  the  sun  and  rain,  it  will  in  time  putrefy,  or  be  dissolved 
into  its  component  elements,  which  consist  chiefly  of  oxygen,  hydrogen, 
and  carbon.  These  will  readily  be  absorbed  by  the  atmosphere  or  be 
washed  away  by  rain,  so  that  all  vestiges  of  the  dead  aaimal  or  plant 
disappear.  But  if  the  same  substances  be  submei'ged  in  water,  they  de- 
compose more  gradually ;  and  if  buried  in  earth,  still  more  slowly,  as  in 
the  femiliar  example  of  wooden  piles  or  other  buried  timber.  Now,  if 
as  fast  as  each  partide  is  set  free  by  putfefacfion  in  a  fluid  or  gaseous 
state,  a  particle  equally  minute  of  carbonate  of  lime,  fiint,  or  otiier  min- 
eral, is  at  hand  and  ready  to  be  precipitated,  we  may  imagine  this  inor- 
ganic matter  to  take  the  place  jnst  before  left  unoccupied  by  the  oi^anic 
molecule.  In  this  manner  a  cast  of  the  interior  of  certain  vessels  may 
first  be  taken,  and  afterwards  the  more  solid  walla  of  the  same  may- 
decay  and  suffer  a  like  transmutation.  Yet  when  the  whole  is  lapidified, 
it  may  not  form  one  homogeneous  mass  of  stone  or  metal.  Some  of  the 
original  ligneous,  osseous,  or  other  orgajiic  elements  may  remain  mingled 
in  certain  parts,  or  the  lapidifymg  substance  itself  may  be  differently 
colored  at  different  times,  or  so  crystallized  as  to  reflect  light  differ- 
ently, and  thus  the  texture  of  the  original  body  may  be  faithfully 
exhibited. 

The  student  may  perhaps  ask  whether,  on  chemical  principles,  we  have 
any  ground  to  expect  that  minei'al  matter  will  be  thrown  down  precisely 
in  those  spots  where  organic  decomposition  is  in  progi'ess !  The  following 
curious  experiments  may  serve  to  iUusfj-ate  this  point  Pi-ofessor  GSp- 
pert  of  Bi-eslau  attempted  recentiy  to  imitate  the  natural  process  of  pet- 
rifaction. For  .this  purpose  he  steeped  a  variety  of  animal  and  vegetable 
substances  in  waters,  some  holding  siliceous,  others  calcareous,  otiiers 
metallic  matter  in  solution.  He  found  that  in  the  period  of  a  few  weeks, 
or  even  days,  the  organic  bodies  thus  immersed  were  mineralized  to  a 
certain  extent.  Thus,  for  example,  thin  vertical  slices  of  deal,  taken 
from  tbe  Scotch  fir  (Finus  syheatrk),  wei'e  immersed  in  a  moderately 
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strong  solution  of  sulpliate  of  iron.  When  they  had  been  thoroughly 
soaked  in  the  liquid  for  several  days  tliey  were  dried  and  exposed  to  a 
red-heat  until  the  vegetable  matter  was  burnt  up  and  nothing  remained 
but  an  oxide  of  iron,  which  was  found  to  have  taken  the  form  of  the 
deal  so  exactly  that  casts  even  of  the  dotted  vessels  peculiar  to  tiiis  fiim- 
ily  of  plants  were  distinctly  visible  under  the  mici'oscope. 

Another  acddental  experunent  has  been  recorded  by  Mr,  Pepys  in  the 
Geological  Transactjons.*  An  earthen  pitcher  containing  several  quarts 
of  sulphate  of  iron  liad  remained  undisturbed  and  unnoticed  for  about  a 
twelvemonth  in  the  laboratory.  At  the  end  of  this  time  when  the  liquor 
was  examined  an  oily  appearance  was  observed  on  the  surface,  and  a 
yellowish  powder,  which  proved  to  be  sulphur,  together  with  a  quantity 
of  small  haiiB.  At  the  bottom  were  discovered  the  bones  of  several  mice 
in  a  sediment  conskting  of  small  grmns  of  pyrites,  others  of  sulphur, 
otliers  of  ciystallized  green  sulphate  of  icon,  and  a  black  muddy  oxide 
of  iron.  It  was  evident  that  some  mice  had  accidentally  been  drowned  in 
the  fluid,  and  by  the  mutual  action  of  the  animal  matter  and  the  sulphate 
of  iron  on  each  other,  the  metalhc  sulphate  had  been  deprived  of  its  ox- 
ygen ;  hence  the  pyrites  and  the  other  compounds  were  thrown  down. 
Although  the  mice  were  not  minerahzed,  or  turned  into  pyrites,  the  phe- 
nomenon shows  how  mineral  waters,  chai^d  witli  sulphate  of  iron,  may 
be  deoxydated  on  coming  in  contact  with  animal  matter  undei^ing  pu- 
trefaction, so  that  atom  after  atom  of  pyrites  may  be  precipitated,  and 
ready,  under  favorable  drcumstances,  to  replace  the  oxygen,  hydrogen, 
and  carbon  info  which  the  oiiginal  body  would  be  resolved. 

The  late  Dr.  Turner  observes,  that  when  mineral  matter  is  in  a 
"  nascent  state,"  that  is  to  say,  just  liberated  irom  a  previoiis  state  of 
chemical  combination,  it  is  most  ready  to  unite  with  other  mattei',  and 
form  a  new  chemical  compound.  Probably  the  particles  or  atoms  just 
set  free  are  of  extreme  minuteness,  and  therefore  move  more  freely,  and 
are  more  ready  to  obey  any  impulse  of  chemical  affinity.  Whatever  be 
the  cause,  it  clearly  follows,  as  before  stated,  that  where  organic  matter 
newly  imbedde<l  in  sediment  is  decomposing,  there  will  chemical  changes 
take  place  most  actively. 

An  analysis  was  lately  made  of  the  water  which  was  fioiving  off  from 
the  rich  mud  deposited  by  the  Hooghly  river  in  the  Delta  of  tie  Ganges 
after  the  annual  inundation.  This  water  was  foimd  to  be  highly  charged 
witli  carbonic  acid  gas  holding  lime  in  solution.f  Now  if  newly- 
deposited  mud  is  thus  proved  to  be  permeated  by  mineral  matter  in  a 
state  of  solution,  it  is  not  difficult  to  perceive  that  decomposing  organic 
bodies,  naturally  imbedded  in  sediment,  may  as  readily  become  petriiied 
as  the  substances  artificially  immersed  by  Professor  GSppert  in  various 
fluid  mixtures. 

It  is  well  known  that  the  water  of  springs,  or  that  which  is  continually 

•  Vol.  i.  p,  S99,  first  series. 

I  F'tAdiagtOD,  Asiat.  Researcli,  voL  xviii.  p,  226, 
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percolating  the  earth's  crast,  is  rarely  free  from  a  slight  admixture  either 
of  iron,  carbonate  of  lime,  siilpliiir,  silica,  potash,  or  some  other  earthy, 
alialine,  or  metallic  ingredient  Hot  springs  in  particular  are  copiously 
charged  with  one  or  more  of  these  elements ;  and  it  is  only  in  their 
wateiis  that  silex  is  found  in  abundance.  In  certain  cases,  therefore,  es- 
pecially in  volcanic  regions,  we  may  imagine  the  flint  of  silidfied  wood 
and  corals  to  have  been  supplied  by  fJie  watera  of  thermal  springs.  In 
other  instances,  as  in  tripoli  and  chalt-flint,  it  may  have  been  derived  in 
great  pai-t,  if  not  wholly,  from  the  decompositiott  of  infusoria  or  diato- 
maceie,  sponges,  and  other  bodies.  But  even  if  this  be  granted,  we  have 
still  to  inquire  whence  a  late  or  the  ocean  can  he  constantly  replenished 
with  the  calcareous  and  siliceous  matter  so  ahundaritly  withdrawn  fi-om 
it  by  tie  secretions  of  these  zoophytes. 

In  regard  to  carbonate  of  lime  there  is  no  difBculty,  because  not  only 
are  calcareous  springs  very  numerous,  but  even  rain-water  has  the  power 
of  dissolving  a  minute  portion  of  the  calcareous  rocks  over  which  it 
flows.  Hence  marine  corals  and  molluaca  may  be  provided  by  rivers 
with  the  materials  of  their  shells  and  solid  supports.  But  pure  silei, 
even  when  reduced  to  the  finest  powder  andiboiled,  is  insohible  in  water, 
except  at  very  high  temperatures.  Nevertheless  Dr.  Turner  has  well  ex- 
plmned,  in  an  essay  on  the  chemistry  of  geology,*  how  the  decomposi- 
tion of  felspar  may  be  a  source  of  silex  in  solution.  He  has  remarked 
that  the  siliceous  earth,  which  constitutes  more  than  half  the  bulk  of 
felspar,  is  intimately  combined  with  alumine,  potash,  and  some  other 
elements.  The  alkaline  matter  of  the  felspar  has  a  chemical  affinity  for 
water,  as  also  for  the  carbonic  acid  which  is  more  or  less  contained  in 
tie  waters  of  most  springs.  The  water  therefore  carries  away  alkaline 
matter,  and  leaves  behind  a  clay  consisting  of  alumine  and  silica.  But 
this  residue  of  the  decomposed  mineral,  whidi  in  ite  purest  state  is  called 
porcelain  day,  is  found  to  contain  a  part  only  of  the  silica  which  existed 
in  the  original  felspar.  The  otiier  pari,  therefore,  must  have  been  dis- 
solved and  removed ;  and  this  can  be  accoimted  for  in  two  ways ;  first, 
because  silica  when  combined  with  an  alkali  is  soluble  in  water ;  sec- 
ondly, because  silica  in  what  is  technically  called  its  nascent  state  is  also 
soluble  in  water.  Hence  an  endless  supply  of  siHca  is  afforded  to  rivers 
and  the  waters  of  the  sea.  For  the  felspatbic  I'ooks  are  universally  dis- 
tidbuted,  constituting,  as  they  do,  so  large  a  proportion  of  the  volcanic, 
plutonie,  and  metamorphic  formations.  Even  where  they  chance  to  be 
absent  in  mass,  they  rarely  fail  fo  occur  in  the  superficial  gravel  or  allu- 
vial deposits  of  the  basin  of  every  large  river. 

The  disintegration  of  mica  also,  another  mineral  which  enters  laigely 
into  the  composition  of  granite  and  various  sandstones,  may  yield  silicsi 
which  may  be  dissolved  in  water,  for  nearly  half  of  this  mineral  consists 
of  silica,  combined  vrith  alumine,  potash,  and  about  a  tenth  part  of  iron. 
The  oxidation  of  this  iron  in  the  air  is  the  prindpal  cause  of  the  waste 

*  Jfim.  Ed.  New  Pliil.  Journ.  No.  30,  p.  2i6. 
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We  Jiave  still,  however,  much  to  loam  before  t!ie  conversion  of  fossil 
bodies  into  stone  is  fully  understood.  Some  phenomena  seem  to  imply 
tliat  tJie  mineraliaation  must  proceed  with  considerable  rapidity,  for 
stems  of  a  sofi  and  succulent  character,  and  of  a  most  perishable  nature, 
are  preserved  in  flint ;  and  ttere  are  instances  of  the  complete  aiUciiica- 
tion  of  the  young  leaves  of  a  palm-tree  when  just  about  to  shoot  forth, 
and  in  that  state  which  in  the  West  Indies  is  called  the  cabbage  of  the 
palm.*  It  may,  however,  be  questioned  whether  in  such  cases  there 
may  not  have  been  some  antiseptic  quality  in  the  water  which  re- 
tarded putrefection,  so  that  the  soft  parts  of  the  buried  substance  may 
have  remained  for  a  long  time  without  disintegration,  like  the  flesh  of 
I-odies  imbedded  in  peat. 

Mr.  Stokes  has  pointed  out  examples  of  petrifactions  in  which  the 
more  perishable,  and  other's  where  the  more  durable  portions  of  wood 
ai'e  preserved.  These  variations,  he  suggests,  must  doubtless  have  de- 
pended on  tie  time  when  the  lapidifying  mineral  was  introduced.  Thus, 
in  certain  silicified  stems  of  pahn-b'ces,  the  cellular  tissue,  tliat  most  de- 
structible part,  is  in  good  condition,  while  all  signs  of  the  hard  woody 
fibre  have  disappeared,  the  spaces  once  occupied  by  it  being  hollow  or 
filled  with  agate.  Here,  petrifaction  must  have  commenced  soon  after 
the  wood  was  expraed  to  the  action  of  moistm'e,  and  the  supply  of  min- 
eral mato  must  then  have  failed,  or  the  water  miist  have  become  too 
much  dirated  before  the  woody  fibre  decayed.  But  when  this  fibre  is 
alone  discoverable,  we  must  suppose  that  an  interval  of  time  elapsed  be- 
fore the  commencement  of  lapidification,  during  which  the  ceEular  tissue 
was  oblitorated.  When  botii  structures,  namely,  the  cellular  and  ihe 
woody  fibre,  are  preserved,  the  process  must  have  commenced  at  an 
early  period,  and  continued  without  interruption  till  it  was  completed 
througbont-t 

*  Stokes,  GeoL  Trans,  vol.  v.  p.  312,  suooad  series, 
t  Ibid. 
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Why  the  position  of  marine  strata,  above  the  loTel  of  the  aea,  Bhould  be  referred 
to  the  riang  ap  of  the  land,  not  to  the  going  down  of  the  aea — Uplieaval  of 
extensive  masses  of  horizontal  eti'ata — Inclined  and  vertical  Btratification — An- 
ticlioa!  and  synclinal  lines — Sent  strata  in  east  of  Scotland — Theory  of  folding 
by  lateral  movement — Creeps — Dip  and  atrike — Structure  of  the  Jara — Vari- 
ous forms  of  ontci'op — Rooks  broken  by  flexure— Inverted  position  of  disturbed 
strata — Unconformable  stratification — Hutton  and  Playfair  on  the  same — Frac- 
tures of  atcata — Polished  suifaees — Faults — Appeoianee  of  repeated  alterna- 
tiona  produced  by  them — Origin  of  great  faults. 

Laivh  has  heea  raised,  not  the  sea  lowered.— It  has  been  already  stated 
that  the  aqueous  rocts  contMning  marine  fossils  extend  over  wide  conti- 
nental tracts,  and  are  seen  in  mountain  chains  rising  to  great  heights 
above  the  level  of  the  sea.  Henc«  it  follows,  that  what  is  now  dry  iand 
was  once  imder  water.  But  if  we  admit  this  conclusion,  we  must  im- 
agine, eithei'  that  there  has  been  a  general  lowering  of  the  ivdtei'^  f  the 
ocean,  or  fiat  the  sohd  rocks,  once  covered  by  water  hwe  been  rai'jed 
up  bodily  out  of  the  sea,  and  have  thus  become  dry  land  The  eaih^r 
geologists,  finding  themselves  reduced  to  this  alternative  embi'w.el  the 
former  opinion,  assuming  that  the  ocean  was  originany  umvers'tl,  and 
had  gradually  sunt  down  to  its  actual  level,  so  that  the  present  inlands 
and  continents  were  left  dry.  It  seemed  to  them  far  easier  to  lanceive 
tliat  the  water  had  gone  down,  than  that  solid  land  had  nsen  upwards 
into  its  present  position.  It  was,  however,  impossible  to  invent  iny  sat 
isfactory  hypotbeas  to  explain  Uie  disappearance  of  so  enormous  a  bo  iy 
of  water  throughout  the  globe,  it  being  necessaiy  to  infer  that  the  ocean 
had  once  stood  at  whatever  height  marine  shells  had  been  detected  It 
moi'cover  appeared  clear,  as  the  science  of  Geology  advanced  tliat  certain 
spaces  on  the  globe  had  been  alternately  sea,  tlien  land  then  estuary 
then  sea  again,  and,  lastly,  once  more  habitable  land  1  aving  remained 
in  each  of  these  states  for  considerable  periods.  In  ordei  to  account  f  r 
such  phenomena,  without  admitting  any  movement  of  the  land  itself,  we 
are  requhed  to  imagine  several  retreats  and  returns  of  the  ocean  ;  and 
even-  then  our  theory  applies  merely  to  cases  where  the  marine  strata 
composing  the  dry  land  are  horizontal,  leaving  unexplained  those  more 
common  instances  where  strata  are  incUned,  curved,  or  placed  on  their 
edges,  and  evidently  not  in  the  position  in  which  they  were  first 
deposited. 

Geologists,  thei-efoi-e,  were  at  last  compelled  to  have  recourse  to  the 
other  alternative,  namely,  the  doctrine  that  the  solid  land  has  been  re- 
peatedly moved  upwards  or  downwards,  so  as  permanently  to  change  its 
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position  relatively  to  the  sea.  There  are  several  distinct  grounds  for 
prefei'ritig  this  conclusion.  Firat,  it  will  account  equally  for  the  position 
of  those  elevated  masses  of  marine  origin  in  which  the  stratification  re- 
mains horizontal,  and  for  those  in  which  the  strata  are  disturbed,  broken, 
inclined,  or  vertical.  Secondly,  it  is  consistent  with  human  experience 
that  land  should  rise  gradually  in  some  places  and  be  depressed  in 
others.  Such  changes  have  actually  occurred  in  our  own  days,  and  are 
now  in  progress,  having  been  accompanied  in  some  cases  by  violent  con- 
vulsions, while  in  others  they  have  proceeded  so  insensibly,  as  to  have 
been  ascertainable  only  by  the  most  careful  scientific  observations,  made 
at  conaderable  intervals  of  time.  On  the  other  hand,  there  is  no  evi- 
dence fi'Om  human  experience  of  a  lowering  of  the  sea's  level  in  any 
region,  and  the  ocean  cannot  sint  in  one  place  without  its  level  bdng 
depressed  all  over  the  globe. 

These  preliminary  remarks  will  prepare  the  reader  to  understand  the 
gi'eat  theoretical  interest  attached  to  all  facts  connected  with  the  position 
of  strata,  whether  horizontal  or  inclined,  curved  or  vertical. 

Now  the  first  and  most  simple  appearance  is  where  strata  of  marine 
origin  occur  above  the  level  of  the  sea  in  horizontal  position.  Such  are 
the  strata  which  we  meet  with  in  the  south,  of  Sicily,  filled  with  shells 
for  the  most  part  of  the  same  species  as  those  now  living  in  the  Mediter- 
ranean. Some  of  these  rocks  rise  to  the  height  of  more  than  2000  feet 
above  the  sea.  Other  mountain  massra  might  be  mentioned,  composed 
of  horizontal  sti'ata  of  high  antiquity,  which  contain  fossil  remains  of 
animals  wholly  dissimilar  fi^m  any  now  known  to  exist.  In  the  south 
of  Sweden,  for  example,  near  Lake  "Wener,  the  beds  of  one  of  the  oldest 
of  the  fossiliferous  deposits,  namely,  that  formerly  called  Transiiion,  and 
now  Silurian,  by  geologists,  occur  in  as  level  a  position  as  if  they  had 
recently  formed  part  of  the  delta  of  a  gi'eat  river,  and  been  left;  dry  on 
the  retiring  of  the  annual  fiooda.  Aqueous  rocks  of  about  the  same  age 
extend  for  hundreds  of  miles  over  the  lake-district  of  North  America, 
and  exhibit  in  like  manner  a  stratification  nearly  undisturbed.  The 
Table  Mountain  at  the  Cape  of  Good  Hope  is  another  example  of  highly 
elevated  yet  perfectly  horizontal  strata,  no  less  than  3600  feet  in  thick- 
ness, and  consisting  of  sandstone  of  very  ancient  date. 

Instead  of  imagining  that  such  fossiliferous  rocks  were  always  at  their 
present  level,  and  that  tho  sea  was  once  high  enough  to  cover  them,  we 
suppose  them  to  have  constituted  the  ancient  bed  of  the  ocean,  and  that 
they  were  gradually  uplifted  to  their  present  height  This  idea,  how- 
ever stalling  it  may  at  first  appear,  is  quite  in  accordance,  as  before 
stated,  with  the  analogy  of  changes  now  going  on  in  certain  re^ons  of 
the  globe.  Thus,  in  parte  of  Sweden,  and  the  shores  and  islands  of  the 
Gulf  of  Bothnia,  proofe  have  been  obtdned  that  the  land  is  experiendng, 
and  has  experienced  for  centuries,  a  slow  upheaving  movement.  Play- 
fear  argued  in  lavor  of  this  opinion  in  1803  ;  and  in  180Y,  Von  Budi, 
after  his  travels  in  Scandinavia,  announced  his  conviction  that  a  rising 
of  the  land  was  in  progress.     Celsius  and  other  Swedish  writers  had, 
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a  century  before,  declared  their  belief  that  a  gradual  change  had,  for 
ages,  been  taking  place  in  the  relative  level  of  land  and  sea.  They  at- 
tributed the  change  to  a  fall  of  the  waters  both  of  the  ocean  and  the 
Baltic.  This  theory,  however,  has  now  been  refuted  by  abundant  evi- 
dence ;  for  the  alteratdon  of  relative  level  has  neither  been  universal  nor 
everywhere  uniform  in  quantity,  but  has  amounted,  in  some  regions,  to 
several  feet  in  a  century,  in  others  to  a  few  inches  ;  while  in  the  sonth- 
ernmost  part  of  Sweden,  or  the  province  of  Scania,  there  has  been  actu- 
ally a  loss  instead  of  a  gain  of  land,  buildings  having  gradually  sunt 
below  the  level  of  the  sea.* 

It  appears,  from  the  observations  of  Mr.  Danvin  and  others,  that  very 
extensive  regions  of  the  continent  of  South  America  have  been  iinder- 
goicg  slow  and  gradual  upheaval,  by  which  the  level  plains  of  Patagonia, 
covered  with  recent  marine  shells,  and  the  Pampas  of  Buenos  Ayres, 
have  been  raised  above  the  level  of  the  sea.f  On  the  otiier  hand,  the 
gradual  sinking  of  the  west  coast  of  Greenland,  for  the  space  of  more 
than  600  miles  from  north  to  south,  during  the  last  four  centimes,  has 
been  established  by  the  observations  of  a  Danish  naturalist.  Dr.  Pingel. 
And  while  these  proofe  of  continental  elevation  and  subsidence,  by  slow 
and  insensible  movements,  have  been  recently  brought  to  light,  the  evi- 
dence has  been  daily  strengthened  of  continued  changes  of  level  effected 
by  violent  convulsions  in  ooimtiies  where  earthquakes  are  frequent.  There 
the  rocks  are  rent  fi'om  time  to  time,  and  heaved  np  or  thrown  down 
several  feet  at  once,  and  disturbed  in  such  a  manner,  that  the  original 
position  of  stJ-ata  may,  in  the  course  of  centuries,  be  modified,  to  any 
amount. 

It  has  also  been  shown  by  Mr.  Darwin,  that,  in  those  seas  where  cir- 
cular coral  islands  and  barrier  reefe  abound,  there  is  a  slow  and  continued 
sinking  of  the  submarine  mountains  on  which  the  masses  of  eoral  are 
based  ;  while  there  are  other  areas  of  the  South  Sea,  where  the  land  is 
on  the  rise,  and  where  coral  has  been  upheaved  fer  above  the  sea-!evel. 

It  would  require  a  volume  to  explain  to  the  reader  the  various  facts 
which  establish  the  reality  of  these  movements  of  land,  whether  of  ele- 
vation or  depi'Cssion,  whether  accompanied  by  earthquakes  or  accom- 
phshed  slowly  and  without  local  disUu'bance.  Having  treated  fully  of 
these  subjects  in  the  Principles  of  Geology,J  I  shall,  asaiune,  in  the  present 
work,  that  such  changes  are  part  of  the  actual  course  of  nature ;  and 
when  admitted,  they  will  be  found  to  afford  a  key  to  the  interpretation 
of  a  variety  of  geological  appearances,  such  as  the  elevation  of  horizon 
tal,  inclined,  or  disturbed  marine  strata,  and  the  superposition  of  fi'esh- 

*  In  the  first  three  editions  of  mj  Principles  of  Geology,  I  espraaaed  many 
doubts  as  to  the  validity  of  the  alleged  proofe  of  a  gradual  rise  of  land  in  Sweden ; 
bnt  after  visiting  that  country,  in  1834,  t  retracted  these  objections,  and  published 
a  detailed  statement  of  the  observations  which  ted  me  to  alter  my  opinion  in  the 
PhiL  Trans.  1836,  Part  L    See  alao  the  Principles,  4th  and  subsequent  editions. 

I  See  hia  Journal  ot  a  Naturalist  in  Voyage  of  the  Beagle,  and  his  work  on 
Coral  Roofs. 

X  See  ohaptcra  axviiL  to  xxsi,  inclusive. 
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wafer  to  marme  deposits,  afterwards  to  be  described.  It  will  also  appear, 
in  the  sequel,  how  much  light  the  doctidne  of  a  continued  subsidence  of 
land  may  throw  on  the  manner  in  which  a  series  of  stivata,  foimed  in 
shallow  water,  may  have  accumulated  to  a  great  thickness.  The  exca- 
vation of  valleys  also,  and  other  etfeets  of  denudalkm,  of  which  I  shall 
presently  ti'eat,  can  alone  be  understood  when  we  duly  appreciate  the 
proofe,  now  on  record,  of  the  prolonged  rising  and  siniing  of  land, 
throughout  wide  areas. 

To  conclude  this  subject,  I  may  remind  the  reader,  that  were  we  to 
embrace  the  doctrine  which  ascribes  the  elevated  position  of  marine 
formations,  and  the  depression  of  certain  freshwater  strata,  to  oscillations 
in  the  level  of  ik%  waters  instead  of  the  land,  we  should  be  compelled  ia 
admit  that  the  ocean  has  been  sometimes  everywhere  much  shallower 
than  at  present,  and  at  others  more  than  three  miles  deeper. 

Itwlined  stratification. — The  most  unequivocal  evidence  of  a  change 
in  the  original  position  of  strata  is  aiforded  by  their  standing  up  perpen- 
dicularly on  their  edges,  which  is  by  no  means  a  rare  phenomenon,  es- 
pecially in  mountainous  eountiies.  TIius  we  find  in  Scotland,  on  the 
southern  skirts  of  the  Grampians,  beds  of  pudding-stone  alternating 
with  thin  layers  of  fine  sand,  all  placed  vertically  to  the  horizon.  WTien 
Saussure  first  observed  certain  conglomer- 
ates in  a  similar  position  in  the  Swiss  Alps, 
he  remarted  that  the  pebbles,  being  for  the 
most  part  of  an  oval  shape,  had  their 
longer  axea  parallel  to  tlie  planes  of  strati- 
fication {see  fig.  61).  From  this  he  in- 
ferred, that  such  strata  must,  at  first,  have 
been  horizontal,  each  oval  pebble  having 
originally  settled  at  the  bottom  of  tlje  '^""o'l  »'»isi'>ineraio  and  aandstonf. 
water,  with  its  flatter  side  parallel  to  the  horizon,  for  the  same  reason 
that  an  egg  will  not  stand  on  either  end  if  nusupported.  Some  few,  in- 
deed, of  the  rounded  stones  in  a  conglomerate  occasionally  afford  an 
exception  to  the  above  rule,  for  the  same  reason  that  we  see  on  a  shingle 
beach  some  oval  or  flat-sided  pebbles  resting  on  their  ends  or  edges ; 
these  having  been  forced  along  the  bottom  and  against  each  other  by  a 
wave  or  current  so  as  to  settle  in  this  position. 

Vertical  strata,  when  they  can  be  traced  continuously  upwards  or 
downwards  for  some  depth,  are  almost  invariably  seen  to  be  parts  of 
great  curves,  which  may  have  a  diameter  of  a  few  yards,  or  of  several 
miles.  ^  I  shall  first  describe  two  ciures  of  considerable  regularity,  which 
occur  in  Forfarshbe,  extending  over  a  country  twenty  miles  m  breadth, 
from  the  foot  of  the  Grampians  to  the  sea  near  Arbroatli, 

The  mass  of  strata  here  shown  may  be  nearly  2000  feet  in  thictness, 
consisting  of  red  and  white  sandstone,  and  various  colored  shales,  the 
beds  being  distinguishable  into  four  principal  groups,  namely,  No.  1,  red 
marl  or  shale ;  No.  2,  red  sandstone,  used  for  building ;  No.  3,  conglom- 
erate ;  and  No.  4,  gi'ay  paving-stone,  and  tile-stone,  with  green  and  red- 
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disb,  shale,  confaimng  peculiar  organic  re- 
mains. A  glance  at  the  section  will  show 
tliat  each  of  tlie  formations  2,  3,  4,  are  re- 
peated thiice  at  the  surfitce,  twice  with  a 
aoutlierly,  and  once  with  a  northerly  indi- 
cation or  dip,  and  the  beds  in  No.  1,  which 
are  nearly  horizontal,  are  still  brought  up 
twice  by  a  slight  curvature  to  the  siiriiice, 
once  on  each  side  of  A.  Begiiining  at  the 
northwest  exti'emity,  the  tile-stones  and 
conglomerates  No.  4  and  No.  3  are  verti- 
cal, and  they  genendly  form  a  ridge  par- 
allel to  the  southern  siirte  of  the  Grampi- 
ans. The  superior  strata  Nos.  2  and  1  be- 
come less  and  leas  inclined  on  descending 
■  to  the  valley  of  Strathmore,  where  the 
■||  strata,  having  a  concave  bend,  are  said  by 
I  g  geologists  to  lie  in  a  "  trough"  or  "  basin." 
s  s  Through  the  centre  of  this  valley  runs  an 
t°s  imaginary  hue  A,  called  technically  a 
"  synclinal  line,"  where  the  beds,  which 
am  tilted  in  opposi!«  directions,  may  be 
supposed  to  meet.  It  is  most  important 
for  tlie  observer  to  mark  such  lines,  for  he 
will  perceive  by  the  diagram,  that  in  frav- 
elHng  from  the  north  to  the  centre  of  the 
basin,  he  is  always  passing  from  older  to 
newer  beds;  whereas,  after  crossing  the 
line  A,  and  pursuing  his  course  in  the  same 
southerly  direction,  he  is  continually  leav- 
ing the  newer,  and  advancing  upon  older 
strata.  All  the  deposits  which  he  had  be- 
fore examined  be^n  then  to  reom-  in  re- 
versed order,  imtil  he  aiTivffl  at  the  (eniral 
asis  of  the  Sidlaw  hiils,  where  tl  e  strati 
are  seen  to  form  an  arch  or  saddle  h  ivmg 
an  anticlinal  line  E,  in  the  centre.  On  passing  this  line,  and  c  ntinnma 
towards  the  8.  E.,  the  fonnatioas  4,  3,  and  2,  ai*  again  repeated  m  the 
same  relative  order  of  superposition,  but  with  a  noiiherly  dip.  At  White- 
ness (see  diagram)  it  will  be  seen  that  the  inclined  strata  are  covered  by 
a  newer  deposit,  a,  in  horizontal  beds.  These  are  composed  of  red  conglom- 
erate and  sand,  and  are  newer  than  any  of  the  groups,  1, 2,  3,  4,  before  de- 
scribed, and  rest  unemformabti/  upon  strata  of  the  sandstone  group,  No.  2. 
An  example  of  curved  strata,  in  which  the  bends  or  convolutions  of 
the  rock  are  sharper  and  far  more  ninnerous  within  an  equal  space,  has 
been  well  desciibed  by  Sir  James  Hall.*     It  occui's  near  St.  Abb's  Head, 

*  Edin.  Trans.  Tol.  Tii.  pL  8. 
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on  the  east  coast  of  Scotland,  where,  the  rocks  consist  principally  o!  u 
bliiisli  slate,  having  frequently  a  ripple-markeil  surface.  The  undulations 
01"  tiie  beds  reach  from  the  top  to  the  hottnm  of  cliifs  from  200  to  300 


;lit,  and  there  iu'e  sixteen  distinct  bendings  in  iJie  course  o 
about  six  miles,  the  curvatures  being  alternately  concave  aud  convex  iip- 

An  experiment  was  made  by  Sir  James  Hal!,  witli  a  view  of  illus- 
trating the  manner  ia  which  such  strata,  assuming  them  to  have  been 
originally  horizontal,  may  Lave  beenforeed  into  their  preseat  position.  A 
set  of  layers  of  clay  wei'e  placed  under  a  weight,  and  their  opposite  ends 
pressed  fowai'ds  each  other  with  such  force  as  In  cause  them  to  approach 
more  nearly  together.  On  the  removal  of  the  weight,  the  layers  of  clay 
were  found  to  be  curved  and  folded,  so  as  to  bear  a  miniature  resemblance 
to  the  strata  in  the  chfls.  We  must,  however,  bear  in  mind,  that  in  the 
natural  section  or  sea-cliff  we  only  see  the  foldings  imperfectly  one  pirt 
bemg  invisible  beneath  the  sea  ind  the  other  or  upper  jiirtion  being 
suppose  1  to  htve  been  cirped  iway  hv  denvdaUon   or  that  ittion  of 


waferwhich  will  be  exphmed  m  the  next  thai  tet  Ihe  Uil  line  m 
the  aoeompanying  plan  (fig  64)  represent  what  is  aotuallv  seen  of  tlie 
btrati  m  part  of  the  hne  of  chff  alluded  to    the  fitmter  Imes  thit  por- 
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tion  which  is  concealed  beneath  the  aea-level,  as  also  that  ^luch  i&  suji 
posed  to  have  once  existed  above  the  present  sui'face. 

We  may  still  more  easily  illustrate  the  effects  which  a  lateial  thrust 
might  produce  on  flexible  sti'ata,  by  placing  several  pieces  of  differenfh 
colored  cloths  upon  a  table,  and  when  they  are  spread  out  honztntillj 


cover  them  with  a  book.  Tten  apply  other  hoots  to  each  end,  aad  force 
them  towards  each  other.  The  folding  of  the  cloths,  will  exactly  imitate 
those  of  the  bent  strata.  ■   (See,  fig.  65.) 

"Whether  the  analogous  flexures  in  stratified  rocks  have  really  been 
due  to  similar  sideway  movements  is  a  question  of  considerable  difBculty. 
It  will  appear  when  the  volcanic  and  granitic  recks  are  described,  that 
some  of  them  have,  when  melted,  been  injected  forcibly  into  Assures, 
while  ;jihers,  sJready  in  a  solid  state,  Lave  been  protruded  upwards 
threugh  the  incumbeat  crust  of  the  earth,  by  which  a  great  displace- 
ment of  Sexible  strata  must  have  been  caused. 

But  we  also  know  by  tiie  study  of  regions  liable  to  earthquakes,  that 
there  are  causes  at  work  in  the  interior  bf  the  earth  capable  of  producing 
a  sinking  in  of  tie  ground,  sometimes  very  local,  but  sometimes  extend- 
ing over  a  wide  area.  The  frequent  repetition,  or  continuance  throughout 
long  periods,  of  such  downward  movements  seems  to  imply  the  formation 
and  renewal  of  cavities  at  a  certain  depth  below  tke  surface,  whether  by 
the  removal  of  matter  by  volcanoes  and  hot  springs,,  or  by  the  contrac- 
tion of  argillaceous  rocks  by  heat  and  pressure,  or  any  other  combination 
of  circumstances.  Whatever  conjectjires  we  may  indulge  respecting  the 
causes,  it  is  certain  that  phable  beds  may,  in  consequence  of  unequaj 
degrees  of  subsidence,  become  folded  to  any  amount,  and  have  all  the 
appearance  of  having  been  compi'essed  suddenly  by  a  lateral  thrust. 

The  "  Creeps,"  as  they  are  called  in  coal-mines,  afford  an  excellent  il- 
lustration of  this  fact. — First,  it  may  be  stated  generally,  that  the  exca- 
vation of  coal  at  a  considerable  doptii  causes  the  mass  of  overlying  strata 
to  sink  down  bodily,  even  when  preps  are  left  te  support  the  reof  of  the 
mine.  "In  Yorkshire,"  says  Mr.  Buddie,  "three  distinct  subsidences 
were  perceptible  at  the  surface,  after  the  clearing  out  of  three  seams  of 
coal  below,  aud  innumerable  vertical  cracks  were  caused  in  the  incum- 
bent mass  of  sandstone  and  shale,  which  thus  settled  down."*     The  ex- 

*  Proceedings  of  Geol.  Soe,  vol.  iil.  p.  148. 
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act  araomit  uf  JepieBaion  la  tliLse  cases  can  only  lie  accurately  measured 
where  witPi  ■iccumulates  en  tho  suriiice,  or  a  railway  traverses  a  coal-field. 
When  a  bed  ot  coal  is  woited.  out,  pillars  or  rectangular  masses  of 
coal  are  left  \t  intervds  as  prop*  to  support  the  roof  and  protect  the 
colliers.    Thus  m  fig  88  representing  a  section  at  Wallsend,  Newcastie, 


the  galleries  which  have  been  excavated  ace  represented  by  the  while 
spaces  a  b,  while  the  adjoining  dark  portions  are  parte  of  the  original 
coat-seam  left  as  props,  beds  of  aandy  clay  or  shale  constituting  the  floor 
of  the  mine.    "When  the  props  have  been  rednced  in  size,  they  are  pressed 
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down  by  tlie  weight  of  overlying  rocks  (no  less  tliaii  630  feet  thick) 
upon  the  shale  below,  which  is  thereby  aqueezed  and  forced  up  into  the 
open  spaces. 

Now  it  might  have  been  expected,  that  instead  of  the  floor  rising;  up, 
the  ceiling  would  sink  down,  and  this  efiect,  called  a  "Thmst,"  does,  in 
iiwjt,  take  place  where  the  pavement  is  mote  solid  than  the  roo£  But  it 
usually  happens,  in  eoal-mines,  that  the  roof  is  composed  of  hard  shale, 
or  occasionally  of  sandstone,  more  unyielding  than  the  foundation,  which 
often  consists  of  clay.  Even  where  the  argillaceous  substrata  are  haitl 
at  first,  they  soon  become  softened  and  reduced  to  a  plastic  state  when 
exposed  fo  the  contact  of  air  and  water  in  the  floor  of  a  mine. 

The  first  symptom  of  a  "  creep,"  says  Mr.  Buddie,  is  a  slight  curvature 
at  the  bottom  of  eadi  gallery,  as  at  a,  flg.  66 ;  then  the  parement  con- 
tinuing to  rise,  begins  to  open  with  a  longitudinal  crack,  as  at  6 :  then 
the  points  of  tiie  fractured  ridge  reach  the  roof,  as  at  c;  and,  lastly,  the 
upraised  heds  dose  up  the  whole  gallery,  and  the  broken  portions  of  the 
ridgo  are  reunited  and  flattened  at  the  top,  exhibiting  the  flexure  seen  at 
d.  Meanwhile  the  coal  in  the  props  has  become  crusted  and  cracked  by 
pressure.  It  is  also  found,  that  below  the  ci'eeps  a,  b,  c,  d,  an  inferior 
stratum,  called  the  "  metal  coal,"  which  is  3  feet  thick,  has  been  fractured 
at  the  points  e,  f,  g,  k,  and  has  risen,  so  as  to  prove  that  the  upward 
movement,  caused  by  the  working  out  of  the  "  main  coal,"  has  been 
propagated  through  a  thickness  of  54  feet  of  ar^llaceous  beds,  whidi 
intervene  between  the  two  coal  seams.  This  same  displacement  has  also 
been  traced  downwards  more  than  150  feet  below  the  metal  coal,  but  it 
grows  continually  less  and  less  until  it  becomes  imperceptible. 

No  part  of  the  process  above  described  is  more  deserving  of  our  no- 
tice than  the  slowness  with  which,  the  change  in  the  arrangement  of  the 
beds  is  brought  about  Days,  months,  or  even  years,  will  sometimes 
elapse  between  the  first  bending  of  the  pavement  and  the  time  of  its 
reaching  the  roof;  Whei'e  the  movemeat  has  been  most  japid,  the  curv- 
ature of  the  beds  is  most  regular,  and  the  reunion  of  the  fi^ctured  ends 
most  complete ;  whereas  the  signs  of  displacement  or  violence  are  great- 
est in  those  ci'eeps  which  have  required  months  or  yeare  for  their  entire 
accomplishment.  Hence  we  may  conclude  that  similar  changes  may 
have  been  wrought  on  a  larg-er  scale  in  the  earth's  erust  by  partial  and 
gradual  subsidences,  espedally  where  the  ground  has  been  undermined 
throughout  long  periods  of  time ;  and  we  must  be  on  our  guard  against 
inferring  sudden  violence,  simply  because  the  distortion  of  the  heds  is 
excessive. 

Between  the  layers  of  shale,  accompanying  coal,  we  sometimes  see 
the  leaves  of  fossil  ferns  spread  out  as  regularly  as  dried  plants  between 
sheets  of  paper  in  the  herbarium  of  a  botanist.  These  fem-leaves,  or 
ftonds,  must  have  rested  horizontally  on  soft  mud,  when  first  deposited. 
11,  therefore,  they  and  the  layei«  of  shale  are  now  inclined,  or  standing 
on  end,  it  is  obviously  the  eflect  of  subsequent  derangement.  The  prooi 
becomes,  if  possible,  still  more  sti'iking  when  these  strata,  including 
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vegetable  remains,  are  curved  again  and  again,  and  even  folded  into  tho 
form  of  tie  letter  Z,  so  that  tlie  saroe  continuous  layer  of  coal  is  cut 
througli  several  times  in  the  same  perpendicular  shaft.  Thus,  in  tlie 
coal-field  neai'  Mons,  in  Bel^ma,  these  agzag  bendings  are  repeated  four 

Pig.  67. 


presented  in  fig   67   the  bhik  lines  repie 
s  of  coal.* 

Dip  and  strike. — In  the  above  remarks,  several  techmoal  terms  have 
been  used,  such  as  dip,  the  uneon/ormahle  pomt^on,  of  strata,  and  the 
<mliclinai  and  iynclinal  lines,  which,  as  well  as  the  stnle  of  the  be<fe,  I 
shall  now  explain.  If  a  stratum  or  bed  of  locL  mstead  of  bemg  quite 
level,  be  inclined  to  one  aide,  it  is  said  to  dip,  the  point  of  the  comptsa 
to  which  it  is  inclined  is  called  the  point  of  dtp,  ind  the  degree  ot  ievi 
ation  from  a  level  or  horizontal  line  is  called  the  amount  of  dip  or  tlw 
1,'jj,.  05.  angle  of  dip     Thus,  in  the  annexed 

diagram  (fig  68),  a  sene^  ot  sti-ita 
are  inclined, -ind  they  dip  to  the  north 
(  XXXVVv^  I  at  an  angle  of  forty-five  degrees.  The 
strike,  or  line  of  bearing,  is  the  pro- 
longation or  extension  of  the  strata 
in  a  direction  at  right  angles  to  the  dip ;  and  hence  it  is  sometimes  called 
the  direction  of  the  strata.  Thus,  in  the  above  instance  of  strata  dipping 
to  the  north,  their  strike  mast  necessarily  be  east  and  west.  We  have 
borrowed  the  word  from  the  German  geologists,  slreichen  signifying  to 
extend,  to  have  a  certdn  direction..  Dip  and  sti'ike  may  be  aptiy  illus- 
trated by  a  row  of  houses  running  east  and  west,  the  long  ridge  of 
the  roof  repi'esenting  the  strike  of  the  sti'atum  of  slates,  which  dip  on 
one  side  to  the  north,  and  on  the  other  fo  the  south. 

A  stratum  which  is  horizontal,  or  quite  level  in  all  directions,  has 
neither  dip  nor  stiike. 

It  is  always  important  for  the  geologist,  who  is  endeavoring  -to  com- 
prehend the  structure  of  a  countiy,  to  learn  how  the  beds  dip  in  every 
part  of  the  district ;  but  it  requires  some  practice  to  avoid  being  occa- 
sionally deceived,  both  as  to  the  point  of  dip  and  the  amount  of  it. 
*  See  plan  by  M.  Chevalier,  Btiiat's  D'Anbuisson,  torn.  ii.  p.  33*. 
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If  tLe  upper  surface  of  a  hard  stoEy  stratum  be  uncovered,  whether 
artificially  in  a  quarry,  or  by  the  waves  at  the  foot  of  a  dig;  it  is  easy 
to  deteimine  towards  what  point  of  the  compass  the  slope  is  steepest,  or 
in  what  direction  water  would  flow,  if  poured  upon  it.  This  is  the  true 
dip.  But  the  edges  of  highly  ineiined  strata  may  give  rise 
horizontal  lines  in  the  face  of  a  vertical  cliff,  if  the  ' 
strata  in  the  line  of  tieir  strike,  the  dip  being  inwards  &om  the  face  of 
the  clifi'.  If,  however,  we  come  to  a  break  in  the  diff,  which  exhibits  a 
section  exactly  at  right  angles  to  the  line  of  the  strike,  we  are  then  able 
to^ascertajn  the  true  dip.  In  the  annexed  drawing  (fig.  69),  we  may 
"     '       e  side  of  which  faces  to  the  north,  whei'e  the 


Wp  may  mpaiiure  t 


mtality  of  IneltSi. 

beds  would  appear  perfectly  horizontal  to  a  person  in  tie  boat ;  while  in 
the  other  side  facing  the  west,  the  true  dip  would  be  seen  by  the  pei'son 
on  shore  to  be  at  an  angle  of  40°.  If,  therefore,  our  observations  are 
confined  to  a  vei'tical  predpice  facing  in  one  direction,  we  must  endeavor 
to  find  a  ledge  or  portion  of  the  plane  of  one  of  the  beds  projecting  be- 
yond the  others,  in  order  to  ascertain  the  ti'ue  dip. 

It  is  rarely  important  to  determine  the  angle  of  inehoation  with  audi 
s  to  require  the  ■«  1  of  the  instmment  called  a  dinometer. 
le  ■nithin  a  few  degrees  by  standing  exactiy 
opposite  to  a  diff  where  the  true  dip  is 
exhibited,  holding  the  hands  immediatdy 
lefore  the  eyes,  and  placing  the  fingers  of 
one  in  %  perpendicular,  and  of  the  other  in 
^  horizontal  position,  as  in  fig.  70.  It  is 
thu-s  easy  to  discover  whether  tie  lines  of 
the  inclined  beds  bisect  tie  angle  of  60°, 
farmed  by  tie  meeting  of  the  hands,  so  as 
to  ffi^e  an  angle  of  45°,  or  whether  it 
would  divide  the  space  into  two  equal  or 
unequal  portions.  The  upper  dotted  line 
may  expres*;  a  stratum  dipping  to  the  noi-th;  but  should'  the  beds  dip 
preasdy  to  the  opjuiite  point  of  the  compass  as  in  the.  lowei'  dotted 
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line,  it  will  be  seen  tliat  the  amount  of  iiielination  may  atill  be  measured 
by  tlie  hands  with  equal  facility. 

It  has  been  already  seen,  in-describing  the  curved  strata  on  the  east 
coast  of  Scotland,  in  ForfiufsMre  and  Berwickshire,  that  a  series  of  con- 
cave and  convex  bendings  are  occasionally  repeated  several  times.  These 
usually  form  part  of  a  series  of  parallel  waves  of  strata,  which  are  pro- 
longed in  the  same  direction  tliroiighoiit  a  considerable  extent  of  country. 
Thus,  for  example,  in  the  Swiss  Jura,  that  lofty  chain  of  jnountains  hah 
been  proved  to  consist  of  many  parallel  ridges,  witJi  intervening  longi- 
tudinal valieya,  as  in  fig.  71,  the  ridges  being  formed  by  curved  fossilif 
ei-ous  strata,  of  which  the  nature  and  dip  are  occasionally  displayed  in 
deep  transverse  gorges,  called  "  duses,"  caused  by  fractures  at  right  angles 
to  the  direction  of  the  chmn.*  Now  let  us  suppose  these  ridges  and 
parallel  valleys  to  run  north  wid  south,  we  should  flien  say  that  the 
strike  of  the  beds  is  north  and  south,  and  the  dip  esist  and  west.  Lines 
drawn  along  the  summits  of  the  ridges.  A,  E,  would  be  anticlinal  lines, 
and  one  following  the  bottom  of  the  adjoining  valleys  a  synclinal  3ine, 


ot  Uw  Swiss  Inro. 


It  will  be  observed  that  some  of  these  ridges,  A,  B,  are  unbroken  on  the 
summit,  whereas  one  of  them,  C,  has  been  fractured  along  the  line  of 
strike,  and  a  portion  of  it  carried  away  by  denudation,  so  that  the  ridges 
of  the  beds  in  tlie  formations  a,  b,  c,  come  out  to  the  day,  or,  as  the 
miners  say,  wop  out,  on  the  sides 
of  a.  valley.  The  ground  plan  of 
such  a  denuded  ridge  as  0,  as  given 
map,  may  be  ex- 
the  diagi'am  fig.  '12,  and 
S  the  cross  section  of  the  same  by 
I  fig.  "73.  ITie  line  D  E,  fig.  12,  is 
the  anticlinal  line,  on  each  side  of 
which  the  dip  is  in  opposite  dii'ec- 

eur  !(!9  SouIliveraGns  Jiiraseiquea  ilu  For- 
jnined.  part  of  tiieee  mountains  in  183B. 


ife 


oDd  plsu  of  the  denudsd. 


*  Seo  M.  Thurmann'a  work,  " 
rentruy,  Paris,  1832,"  wiUi  whoi 
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s  expressed  by  the  a 


The 


of  sti'atii  at  tlie  s 


iaee  ia  called  by  miners  their  outcrop  or  basset. 

If,  instead  of  being  folded  into  parallel  ridges,  the  beds  form  a  boss 
or  dom&^haped  protuberance,  and  if  we  suppose  the  summit  of  the 
dome  carried  off,  the  ground  plan  would  exhibit  the  edges  of  the  sti-ata 
foriumg  a  aucceasioii  of  cireles,  or  ellipseB,  round  a  common  centre. 
These  circles  are  the  lines  of  strite,  and  the  dip  being  always  at  light 
angles  is  inclined  in  the  course  of  the  dreuit  to  every  point  of  the  com- 
pass, constituting  what  is  termed  a  qua-quaversal  dip — that  is,  turning 
each  way. 

There  ai*  endless  variations  in  the  figures  described  by  the  basset- 
edges  of  the  sti-ata,  according  to  the  different  inclination  of  the  beds, 
and  the  mode  in  which  they  happen  to  hare  been  denuded.  One 
of  the  simplest  rules  with  which  every  geolo^t  shoBld  be  acquainted, 
relates  to  the  V-lito  fonn  of  the  beds  as  they  crop  out  in  an  ordinary 
Galley.  First,  if  the  strata  be  horizontal,  the  V-like  form  will  be 
also  on  a  level,  and  the  newest  strata  will  appear  at  the  greatest 
heights. 

Secondly,  if  the  beds  be  inclined  and  intersected  by  a  valley  sloping 
in  the  same  direction,  and  the  dip  of  the  beds  be  less  steep  than  the 
slope  of  the  vaJiey,  then  Uie  V'e,  as  they  are  often  termed  by  miners, 
will  point  upwards  (see  fig.  74),  those  formed  by  the  newer  beds  appear- 
ing in  a  superior  position, 
and  extending  highest  up 
the  valley,  as    A    is    seen 


Thirdlj,if  thedip  of  thp 
beds  be  steeper  than  the 
slope  of  the  valley,  then 
the  Vs  will  pomt  down 
wards  (see  fig  15),  md 
thuse  framed  of  the  oldei 
beds  wdl  now  appear  up- 
s  B  appears  abovo 


permost,  . 

A; 

Fourthly,  in  every  ease 
where  the  strata  dip  in  a 
contrary  direction  to  the 
slope  of  the  valley,  what- 
ever be  the  angle  of  incli- 
nation, the  newer  beds  will 
appear  the  highest,  as  in 
the  first  and  second  cas^. 
This  is  shown  by  the  draw- 
ing (fig.  76),  which  exhib- 
its strata  rising  at  an  angle 
of  .20*^,    and     crossed     by 
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a  valley,  which  declines  in  an 
opposite  direction  at  20°.* 

These  rules  may  often  l>e  of 
great  practical  utility ;  for 
the  diffei'ent  degrees  of  dip 
occurring  in  the  two  cases 
represented  in  flgnres  1i  and 
75,  may  occasionally  l>e  en- 
countered in  following  the 
same  line  offlesure  at  points 
a    few  miles    distant   from 


acquainted  with  the  rule, 
who  had  first  ex[,lured  ihp  \  »lley  (fig.  V4),  may  have  sunt  a  vertical 
=Jiift  lelow  thf  COT.!  =eim  A,  until  he  reached  the  inferior  bed  B.  He 
might  then  pass  to  the  valley  fig.  75,  and  discovering  there  also  the  out- 
crop of  two  small  coal-seams,  might  begin  his  workings  in  the  uppei'- 
most  in  the  expectation  of  coming  down  to  the  other  bed  A,  which 
would  be  observed  cropping  qut  lower  down  the  valley  But  a  glance 
at  the  section  wiU  demonstrate  the  futility  of  such  h 


In  the  majority  of  a 
clinal  axis  a  valley,  as  i 


i,  an  antJelinal  axis  forms  a  nd^e,  ind  a  syn- 
L,  B,  fig.  62,  p.  48 ;  but  there  lie  ex(,eptions 
to  this  rule,  the  beds  sometimes  'iloping  in- 
wards fi'om  either  side  of  •*  mountain,  as  in 
11. 
On  following  one  of  the  anticlinal  ndges 
of  tlie  Jura,  before  mentioned,  A,  B,  C,  fig. 
71,  we  often  discover  longitudinal  aacks  and 
sometimes  large  fissures  along  the  line  where 
the  flexure  was  gi'eatest.  Some  of  these,  as  above  stated,  have  been  en- 
larged by  denudation  into  valleys  of  considerable  width,  as  at  0,  fig.  7l, 
which  follow  the  line  of  strike,  and  which  we  may  suppose  to  have  been 
hollowed  out  at  the  time  when  these  rocks  were  still  beneath  the  level  ot 
the  sea,  or  perhaps  at  the  period  of  their  gradual  emergence  fiom  be- 
neath the  waters.  The  existence  of  such  cracks  it  the  point  of  the 
sharpest  bending  of  solid  strata  of  lime  tone  is  precisely  what  we  «hon!d 
have  expected ;  tut  the  occasional  w<int  of  ill  simdar  signs  of  fracture, 
even  where  the  strain  has  been  greatest,  as  at  a  fig  71  is  not  always 
eiisy  to  explain.  We  must  imagine  that  many  strata  of  limestone,  chert, 
and  other  rocks  which  are  now  brittle,  were  pliant  when  bent  into  their 
present  position.     They  may  have  owed  their  flexibihly  in  part  to  the 


indness  of  T.  Sopwith,  Esq.,  for  threo  modela  which  I 
ams ;  but  the  begiiiner  may  find  it  by  no  meana 
although,  if  he  were  to  exaraioe  and  handle  the 
turning  them  about  in  different  ways,  he  would  at  once  comprehend 
their  meaning,  as  well  as  the  import  of  others  far  more  complicated,  which  the 
aame  engineer  haa  couetructed  to  illoatrate  faults. 


*  I  am  indebted  to  the  lii 
have  copied  ia  the  above" 
easy  to  understand  such  copi 
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their   minute  pores,   aa   before 
sea-water  while  thev 


fluid  matter  which  they  contained  i 
described  {p.  35),  and  in  pai't  to  tlie  p 
were  yet  submerged. 

At  the  wesfera  extremity  of  the  Pyrenees,  great  cuiTatures  of  tlie 
strata  are  seen  in  the  sea  cHffs,  where  the  rooks  consist  of  marl,  grit,  and 
chert.     At  certain  points,  as  at  a,  fig.  ^8,  some  of  the  tendings  of  the 


Fig.  re. 


flinty  chert  are  so  shai'p,  that  specimens  might  he  broken  off,  well  fitted 
to  serve  as  ridge-tiles  on  the  roof  of  a  house.  AUhough  this  chert 
eould  not  have  been  brittle  aa  now,  when  first  folded  int«  this  shape,  it 
presents,  nevertheless,  here  and  there  at  the  points  of  greatest  flexm^e 
small  ctacts,  which  stow  that  it  was  solid,  and  not  wholly  incapable  of 
treating  at  the  period  of  its  displacement  The  numerous  rents  alluded 
to  are  not  empty,  but  filled  with  chalcedony  and  quartz. 

Between  San  Caterina  and  Castrogiovanni,  in  Sicily,  bent  and  undu- 
lating gypseous  mai'ls  occur,  with  here  and  there  thin  beds  of  solid 
„.^  ^  gypsnm  interstratified.     Sometimes  these 

solid  layers  have  been  broken  into  detached 
fi-agments,  stiD  preserving  their  sharp  edges 
iff  ff,  fig-  79),  while  the  conlimiity  of  the 
more  pliable  and  ductile  marls,  m  m,  has 
not  been  interrupted. 

I  shall  conclude  my  remarks  on  bent 
strata  by  stating,  that,  in  mountainous  re- 
fl.  gjpsam.     Btiuaii.  gions  like  the  Alps,  it  is  often  difficult  for 

an  experienced  geologist  to  detennine  correctly  the  relative  age  of  beds 
by  superposition,  so  often  have  the  strata  been  folded  back  upon  them- 
selves, the  iipper  parts  of  the  curve  having  been  removed  by  denudation. 
Thus,  if  we  met  with  the  strata  seen  in  the  section  fig.  80,  we  should 
naturally  suppose  that  there  were  twelve 
distinct  beds,  or  sets  of  beds,  No.  1  being 
the  newest,  and  No.  12  the  oldest  of  the 
series.  But  this  section  may,  perhaps, 
exhibit  merely  six  beds,  which  have  been 
81,  so  that  each  of  them  is  twice  re- 
iing  revewed,  and  part  of  Ko.  1,  origi- 
beeome  the  lowest  of  the  series.  ITiese 
ri  a  magnificent  scale  in  certain  regions 
L  2000  to  3000  feet  in  perpendicular 
the  valley  of  the  Lutschine,  between 


folded  in  the  manner 
peated,  the  position  of  one-half 
nally  the  uppermost,  having  no 
phenomena  are  often  observable 
in  SwJteei'land  in  precipices  fri 
height.     In  the  Iselten  Alp,  i 
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Unterseen  and  Grindelwald,  curves  of  cjJcareous  shale  are  seen  fron 
1000  to  1500  feet  in  heiglit,  in  wMeh  the  beds  sometimes  plunge  dowi 
vertically  for  a  depth  of  1000  feet  and  i 


!,  before  they  bend  round 


again. 


'ITiere  are  many  flexures  not  infeiior  in  dimensions  in  thp  Pyre- 
nees, as  those  near  Gavarnie,  at  the  base  of  Mount  Perdu. 

Unamformahle  stratification. — Strata  are  said  to  be  unconformable, 
when  one  series  is  ao  placed  over  another,  that  the  planes  of  the  superior 
res  of  the  infeiior  (see  fig.  83).     In  this  case  it  is  evi- 


dent that  a  period  had  elapsed  between  the  production  of  the  two  sets 
of  strata,  and  that,  during  this  interval,  the  older  series  had  been  tilted 


-c  by  Google 


60  UWCONFORUABLE  STEATIFICATION.  [Ch.  V. 

and  disturbed.  Afterw^da  the  upper  aeries  was  ttroHii  down  iii  hori- 
zontal strata  upon  it.  If  these  superior  beds,  aa  d,  d,  flg.  83,  are  also 
inclined,  it  is  plain  that  the  lower  strata,  a,  a,  have  been  twice  displaced ; 
first,  before  the  deposition  of  the  newer  beds,  d,  d,  and  a  second  time 
when  these  same  strata  were  thrown  out  of  the  horizontal  position. 

Plajfair  has  remarked*  that  this  kind  of  junction,  which  we  now  call 
unconformable,  had  been  described  before  the  time  of  Hiitton,  but  that 
he  was  the  firet  geologist  who  appi-eciated  its  importance,  aa  illustrating 
the  high  antiquity  and  great  revolutions  of  the  globe.  He  had  observed 
that  where  such  contacts  occur,  the  lowest  beds  of  the  newer  series  very 
generally  consist  of  a  breccia  or  congloniehtte  consisting  of  angulai-  and 
rounded  fragments,  derived  from  the  breaking  up  of  the  more  ancient 
rocks.  On  one  occasion  the  Scotch  geologist  took  his  two  distinguished 
pupils,  Pkyfair  and  Sir  James  Hall,  to  the  clifls  on  the  east  coast  of 
Scotiand,  near  the  village  of  Eyemouth,  not  iitr  fi^m  St.  Abb's  Head, 
where  the  schists  of  the  Lammermuir  range  are  undermined  and  dis- 
sected by  the  sea.  Here  the  curved  and  vertical  strata,  now  known  to 
be  of  Silurian  age,  and  which  often  exlubit  a  ripple-marked  surface,!  ^^'^ 
well  exposed  at  the  headland  called  the  Sicoar  Point,  penetrating  with 
their  edges  into  the  incumbent  beds  of  slightly  inclined  sandstone,  in 
which  large  pieces  of  the  schist,  some  iwund  and  others  angular,  are 
united  by  an  arenaceous  cement.  "  What  clearer  evidence,"  exclaims 
Plajiair,  "  could  we  have  had  of  the  diflerent  formation  of  these  rocks, 
and  of  the  long  interval  whicli  separated  their  formation,  had  we  actually 
seen  them  emerging  from  the-  bosom  of  the  deep  !  We  felt  ourselves 
necesaaiily  carried  back  to  the  time  when  the  schistus  on  which  we  stood 
w(B  yet  at  the  bottom  of  the  sea,  and  when  the  sandstone  before  us  was 
only  be^nning  to  be  deposited  in  the  shape  of  sand  or  mud,  from  the 
waters  of  a  superincumbent  ocean.  An  epoch  still  more  remote  pre- 
sented itself,  when  even  the  most  ancient  of  tliese  rocks,  instead  of 
standing  upright  in  vertical  beds,  lay  in  horizontal  planes  at  the  bottom 
of  the  sea,  and  was  not  yet  disturbed  by  that  immeasurable  force  which 
has  burst  asunder  the  solid  pavement  of  the  globe.  Revolutions  still 
more  remote  appeared  in  the  distance  of  this  estraordinary  perspective. 
The  mind  seemed,  to  grow  giddy  by  looking  so  far  into  the  abyss  of 
time ;  and  while  we  listened  with  earnestness  and  admiration  to  the 
philosopher  who  was  now  unfolding  to  us  the  order  and  series  of  these 
wonderful  events,  we  became  sensible  how  much  farther  reason  may 
sometime^  go  than  imagination  can  venture  to  foDow."! 

In  the  frontispiece  of  this  volume  the  reader  will  see  a  view  of  this 
classical  spot,  reduced  fi'om  a  large  picture,  feithfully  sketched  and  col- 
ored from  nature  by  tlie  yoimgest  son  of  the  late  Sir  James  Ilall.  It 
iwever,  to  do  justice  to  the  original  sketch,  in  an  en- 

*  Biographical  account  of  Dr.  Button. 

f  See  atove,  p.  49  ani)  BGction. 

%  Pkj-fiiir,  ibid.;  see  Lia  Worka,  Editi.  1822,  vul,  iy.  p.  81. 
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graving,  aa  tlie  contrast  of  the  red  sandstone  and  the  light  fawn-colored 
vertical  schists  could  not  he  expressed.  From  fie  point  of  view  here 
selected,  the  underlying  beds  of  fte  perpendicular  schist,  a,  are  visible 
at  b  through  a  amall  opening  in  the  fractured  beds  of  the  covering  of  red 
.sandstone,  d  d,  while  on  the  vertical  fece  of  the  old  schist  at  a'  a"  a 
conspienous  ripple-mark  is  displayed. 

It  often  happens  that  in  ttie  interval  between  the  deposition  of  two 
seta  of  unconformable  strata,  the  inferior  rock  has  not  only  been  denuded, 
but  drilled  by  perforating  shells.  Thus,  for  example,  at  Autreppe  and 
Guisigny,  near  Mons,  beds  of  an  ancient  (paleozoic)  limestone,  highly 


inclined,  and  often  bent,  are  covered  with  horizontal  strata  of  g 
and  whitdsh  mails  of  the  Cretaceous  formation.  The  lowest  and  there- 
fore the  oldest  bed  of  the  horizontal  series  is  usually  the  sand  and  eon- 
glomerate,  a,  in  which  are  rounded  fragments  of  stone,  from  an  inch  to 
two  feet  in  diameter.  These  fragments  have  often  adhering  shells  at- 
titched  to  them,  and  have  been  bored  by  perforating  mollnsca.  The 
solid  surface  of  the  inferior  limestone  has  also  been  bored,  so  aa  to  ex- 
hibit cyHndrical  and  pear-shaped  cavities,  aa  at  c,  the  work  of  saxicavous 
moUusca ;  and  many  rents,  as  at  6,  which  descend  several  feet  or  yards 
into  the  limestone,  have  been  filled  with  sand  and  shells,  similar  to  those 
in  the  stratiua  a. 

Fractures  of  the  strata  and  faults. — Numerous  rents  may  often  be 
seen  in  rocks  which  appeal'  to  have  been  simply  broken,  the  separated 
parts  remaining  in  the  same  places  ;  but  we  often  find  a  fissure,  several 
inches  or  yards  wide,  intervening  between  the  disunited  poitions.  These 
fissures  are  usually  filled  with  fine  eai-th  and  sand,  or  with  angular  frag- 
ments of  stone,  evidentiy  derived  irom  the  fracture  of  the  contiguous 

The  face  of  each  wall  of  the  fissure  is  often  beautifully  pohshed,  as  if 
glazed,  and  not  unfrequently  striated  or  scored  with  paraUe!  fun'ows  and 
ridges,  such  as  would  be  produced  by  the  continued  rubbing  together  of 
surfaces  of  tmequal  hardness.  These  polished  surfaces  are  called  by 
miners  "  slictensides."  It  is  supposed  that  the  lines*of  the  strirc  indi- 
cate the  dii'ection  in  which  the  rocks  were  moved.  During  one  of  the 
minor  earthquakes  in  Chili,  which  happened  about  the  year  1840,  and 
was  deacribed  to  me  by  an  eye-mtness,  the  brick  walls  of  a  building 
were  rent  vertically  in  several  places,  and  made  to  vibrate  for  several 
minut«3  during  each  shock,  after  which  they  remained  uninjured,  and 
without  any  opening,  althimgh  the  line  uf  eScli  crack  was  still  visible. 
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When  ftll  movement  had  ceased,  there  were  seen  on  the  floor  of  the 
house,  at  the  bottom  of  each  rent,  small  heaps  of  fine  brickdust,  evi- 
dently produced  by  trituration. 

It  is  not  uncommon  to  iind  the  mass  of  roek,  on  one  side  of  a  fissure, 
thrown  ap  above  or  down  below  the  maaa  with  wbieh  it  was  once  in 
contact  on  the  other  side.  This  mode  of  displacement  is  called  a  shift, 
slip,  or  fault.  "  The  miner,"  says  Playfeir,  descrihmg  a  iault,  "  is  oflsn 
perplexed,  in  his  subteiraneons  journey,  by  a  derangement  in  the  sti'ata, 
which  changes  at  once  all  those  lines  and  bearings  which  had  hitherto 
directed  his  course.  "When  bis  mine  reaches  a  certain  plane,  which  is 
sometimes  p^^ndicular,  as  in  A  B,  fig.  85,  sometimes  oblique  to  the 


— ^ 

-^-^ 

Fig.  SS. 

=K 

hoiizon  (as  in  C  D,  ibid.),  he  finds  the  bods  of  rock  broken  asunder, 
those  on  the  one  side  of  the  plane  having  changed  their  place,  by  sfiding 
in  a  particidar  direction  along  the  face  of  the  others.  In  this  motion 
they  have  sometimes  preserved  their  parallelism,  as  in  fig.  85,  so  that 
the  atj'ata  on  each  side  of  the  faults  A  B,  C  D,  continue  parallel  to  one 


ofwtich  the  shifted 


another ;  in  other  cases,  the  strata  on  each  side  are  inclined,  as  in  a,  6  c 
d  (%.  83),  though  their  identity  is  still  to  be  recognized  by  their  pos- 
sessing the  same  thickness,  and  the  same  internal  characters."* 

In  Coalbrook  Dale,  says  Mr.  Prestwieh.f  deposits  of  sandstone,  shale, 
and  cos!,  several  thousand  feet  thick,  and  occupying  an  area  of  many 
miles,  have  been  shivered  into  fragments,  and  the  broken  remnants  have 
been  placed  in  very  discordant  positions,  often  at  levels  differing  several 
hundred  feet  from  each  other.  The  sides  of  the  faults,  when  perpendic- 
ular, ai'e  commonly  separated  several  yards,  but  are  sometimes  as  much 

«  Playtiur,  lUuet.  of  Hutt.  Theory,  §  42. 
t  QeoL  Trana,  second  series,  vol.  v.  p.  452, 
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as  50  yards  asunder,  the  interval  being  filled  witli  broken  dibris  of  tlio 
strata.  In  followiEg  the  course  of  the  same  fault,  it  is  sometimes  found 
to  produce  in  different  places  very  unequal  changes  of  level,  the  amount 
of  shift  being  in  one  place  300,  and  in  another  700  feet,  which  arises,  in 
some  case^  from  the  union  of  two  or  more  faults.  In  other  words,  the 
disjointed  strata  have  in  certain  distiicts  been  subjected  to  renewed  move- 
mehts,  which  they  have  not  suffered  elsewhere. 

We  may  occasionally  see  exact  counterparts  of  these  slips,  on  a  small 
scale,  in  pita  of  fine  loose  sand  and  gravel,  many  of  which  have  doubt- 
less been  caused  hy  the  drying  and  shrinking  of  aj^llaceous  and  otber 
beds,  slight  subsidences  havmg  taken  place  from  failure  of  support. 
Sometimes,  however,  even  these  small  slips  may  have  been  produced 
during  earthquakes  ;  for  land  has  been  moved,  and  its  level,  relatively  to 
the  sea,  considerably  altered,  within,  the  period  when  much  of  the 
alluvial  sand  and  gravel  now  covering  the  surface  of  continents  was 
deposited. 

I  have  already  stated  that  a  geologist  must  be  on  his  guard,  in  a  region 
of  disturbied  strata,  against  infeniug  repeated  alternations  of  rocks,  when, 
in  feet,  the  same  strata,  once  continuous,  have  been  bent  round  so  as  to 
recur  in  the  same  section,  and  with  the  same  dip.  A  similar  mistake 
has  often  been  occasioned  by  a  series  of  faults. 

If,  for  example,  the  dark  line  A  H  {flg.  B'?)  repr^ent  the  surface  of  a 
coimtiy  on  which  the  strata  a  b  c  frequently  crop  out,  an  observer,  who 


lEiaeiL  bj  yerUool  iaults 


is  proceeding  Irom  H  to  A,  might  at  first  imagine  that  at  every  step  he 
was  approaching  new  strata,  whereas  the  repetition  of  the  same  beds  has 
been  caused  by  vertical  faults,  or  downthrows.  Thus,  suppose  the  origi- 
nal mass,  A,  B,  0,  J},  to  have  been  a  set  of  uniformly  inclined  strata, 
and  that  the  different  masses  under  E  F,  F  G,  and  G  D,  sank  down  suc- 
cessively, so  as  to  leave  vacant  the  spaces  marked  in  tie  diagram  by 
dotted  lines,  and  to  occupy  those  marked  by  the  continuous  lines,  then 
let  denudation  take  place  along  the  line  A  H,  so  that  the  protruding 
masses  indicated  by  the  feinter  lines  are  swept  away, — a  miner,  who  has 
not  discovered  the  faults,  finding  the  mass  a,  which  we  will  suppose  to 
be  a  bed  of  coal  four  times  repeated,  might  hope  to  find  four  beds,  work- 
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able  to  an  indefinite  depfl,  but  first  on  arriving  at  iho  fault  G  he  is 
stopped  suddenly  in  his  workings,  upon  reaching  the  strata  of  sandstone 
c,  or  oa  arriving  at  the  Ihe  of  fault  F  he  comes  partly  upon  the  shale  b 
and  partly  on  the  sandstone  c,  and  on  reaching  E  he  is  again  stopped  by 
a  waJI  composed  of  the  rock  d.  ^  i        . 

The  very  different  levels  at  which  the  separated  parts  of  the  same- 
strata  are  found  on  the  difierent  sides  of  the  fissure,  in  some  ftults  is 
truly  astonisliing.  One  of  the  most  celebrated  in  England  is  that  called 
the  "mnety-fatliom  dike,"  in  the  coal-field  of  Newcastle.  This  name 
has  been  given  to  it,  because  the  same  beds  are  ninety  iathoms  lower  on 
^e  northern  than  they  are  on  the  southern  side.  The  fissure  has  been 
hi  ed  hy  a  body  of  sand,  which  is  now  in  the  state  of  sandstone,  and  is 
called  the  dike,  which  is  sometimes  very  narrow,  but  in  other  places 
more  than  twenty  yards  wide.*  Tlie  walls  of  the  fissure  are  scored  by 
giwves,  suck  as  would  have  been  produced  if  the  broken  ends  of  the 
rode  had  been  rubbed  along  the  plane  of  the  feiUt.f  In  the  Tynedale 
and  Craven  faults,  in  the  north  of  England,  the  vertical  displacement  is 
stiU  greater,  and  has  extended  m  a  hoiizontal  direction  for  a  distance  of 
thirty  mUes  or  more.  Some  geologists  consider  it  necessary  to  imagine 
that  the  upward  or  downward  movement  in  these  cases  was  accomphshed 
at  a  single  stroke,  and  not  by  a  series  of  sudden'  bnt  inteiTupted  move- 
ments. This  idea  appears  to  have  been  derived  from  a  notion  tiiat  the 
grooved  walls  have  merely  been  rubbed  in  one  direction.  But  this  is  so 
fer  from  bemg  a  constant  phenomenon  in  faults,  that  It  has  often  been 
objected  to  the  received  theory  reflpecting  tliose  polished  surfaces  called 
"slickensides"  (see  above,  p.  61),  that  the  strife  are  not  always  parallel, 
but  often  cmTed  and  irr^:alar.  It  has,  moreover,  been  remarked,  tliat 
not  only  the  walls  of  tie  fissure  or  fault,  but  its  earthy  contents,  some- 
times present  the  same  polished  and  striated  feces.  M'ow  these  facts  seem 
to  indicate  partial  dianges  in  tlie  direction  of  the  movement,  and  some 
slidings  subsequent  to  tiie  first  fllUng  up  of  the  fissure.  Suppose  the 
mass  of  rock  A,  B,  C,  to  overlie  an  extensive  chasm  d  e,  formed  at  tlie 


deptli  of  several  miles,  whether  by  the  gradual  contraction  in  bulk  of  a 
melted  mass  passing  into  a  sohd  or  crystalhne  state,  or  the  shrinking  of 
argillaceous  strata,  baked  by  a  moderate  heat,  or  by  the  subtracdon  of 
matter  by  volcanic  action,  or  any  otiier  cause.  Now,  if  this*  region  be 
convulsed  by  earthquakes,  the  fissures  f  g,  and  others  at  right  angles  to 
them,  may  sever  the  mass  B  from  A  and  from  C,  so  that  it  may  move 

*  Oonybeare  and  Phillips,  Outlines,  M.  p.  gTe. 
t  PI.iJIip.t,  Geolugy,  Lardner'e  Cjclop.  p.  41. 
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freely,  and  begin  to  sint  into  the  ehaam.  A  fracture  may  he  coneeivod 
ao  clean  and  perfect  as  to  allow  it  to  subside  at  once  to  the  bottom  of 
the  subterranean  cavity ;  but  it  is  far  more  probable  that  the  sinking 
will  be  eifected  at  successive  periods  during  different  earthijuakes,  the 
mass  always  continuing  to  slide  in  the  same  direction  along  the  planes 
of  the  fissures  fff,  and  the  edges  of  the  falling  mass  being  continually 
more  broken  and  triturated  at  each  convulsion.  If,  as  is  not  improbable, 
the  circumstances  which  have  caused  the  foilure  of  support  continue  in 
operation,  it  may  happen  that  when  the  mass  B  has  filled  the  cavity 
first  formed,  its  foimdations  will  again  give  way  under  it,  so  that  it  wiU 
&1I  again  in  the  same  direction.  But,  if  the  dneefion  should  change 
the  feet  could  not  be  discovered  by  observing  the  slickensides,  because 
the  last  scoring  would  efiace  the  lines  of  previous  friction.  In  the 
present  state  of  our  ignorance  of  the  causes  of  subsidence,  an  hypothe- 
sis which  can  explain  tiie  great  amount  of  displacement  in  some  faults, 
on  sound  mechanical  prindpies,  by  a  succession  of  movements,  is  fai' 
preferable  to  any  theory  which  assumes  each  fault  to  have  been  accom- 
plished by  a  single  upcast  or  downtiirow  of  several  thousand  feet.  For 
we  know  that  there  are  operations  now  in  progress,  at  great  depths 
in  the  interior  of  the  earth,  by  which  both  lai^  and  small  tracis  of 
ground  are  made  to  rise  above  and  sink  below  their  former  level,  some 
slowly  and  insensibly,  others  suddenly  and  by  starts,  a  few  feet  or  yards 
at  a  time ;  whereas  there  are  iio  gi'ounds  for  believing  that,  during  the 
last  3000  years  at  least,  any  regions  have  been  either  upheaved  or  de- 
pressed, at  a  single  stroke,  to  the  amount  of  several  hundred,  much  less 
several  thousand  feet.  When  some  of  the  ancient  marine  formations 
are  destaibed  in  fbe  sequel,  it  will  appear  that  tiieir  sti'ucture  and  organic 
contents  point  to  the  conclusion,  that  the  floor  of  th^  ocean  was  slowly 
sinkicg  at  the  time  of  their  origin.  The  downward  movement  was  very  - 
gradual,  and  in  "Wales  and  the  contiguous  parts  of  England  a  maximum 
thickness  of  32,000  feet  (more  than  sis  miles)  of  Carboniferous,  Devo- 
nian, and  Silurian  rock  was  formed,  whilst  the  bed  of  the  sea  was  all  tie 
time  continuously  and  tranquilly  subsiding.*  Whatever  may  have  been 
the  changes  which  the  solid  formation  underwent,  whether  accompanied 
by  the  meltmg,  consolidation,  crystalhzation,  or  desiccation  of  subjacent 
mineral  matter,  it  is  clear  from  the  fact  of  the  sea  having  remained  shal- 
low all  the  while  that  the  bottom  never  sank  down  suddenly  to  the  depth 
of  many  bnndi'ed  feet  at  once. 

It  is  by  assuming  such  reiterated  variations  of  level,  each  separately 
of  small  vertical  amount,  bat  multiplied  by  time  till  tkey  acquire 
importance  in  the  aggi'egate,  that  we  are  able  to  explain  the  phenom- 
ena of  denudation,  which  will  be  treated  of  in  the  next  chapter.  By 
such  movements  every  portion  of  the  surface  of  the  land  becomes  in  its 
turn  a  line  of  coast,  and  is  exposed  to  the  action  of  the  waves  and  tides. 

*  See  tlio  results  of  the  "  Geological  Snrvey  of  Great  Britain  f  Memoirs,  vols, 
i.  and  iL,  by  Sir  H.  de  k,  Beche,  Mr.  A.  C.  Bameay,  and  Mr.  John  Philiipa. 
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A  country  which  ia  undei^oing  such  movement  is  never  allowed  to 
settle  into  a  state  of  equilibrium,  tlierefore  the  force  of  livers  and  tor- 
rents to  remove  or  excavate  soil  and  rocky  masses  is  sustained  in  undi- 
minished enet^. 


DciiudatioQ  defined — Its  aniouQt  equal  la  the  eatire  mass  of  stratified  deposits  in 
the  earth's  crast— Hotiiontal  sandstone  dennded  in  Rosa-shire — lavalied  aur- 
faca  of  countriea  in  which  great  faults  occur — CotJbrook  Dale — Denuding  power 
of  the  ocean  during  tlie  emergence  of  land — Oiigin  of  Valleys — Obliteration  of 
sea-cliKs— Inland  sea-clif&  and  terraces  in  the  Morea  and  Sicilj-^Lime  stone 
pillars  at  St.  Mihiel,  in  France — In  Canada — In  the  Bermudas. 

Dendiiatioh,  which  has  been  occasionally  spoken  of  in  tJie  preceding 
chapters,  is  the  removal  of  sohd  matter  by  water  in  motion,  whether  of 
rivers  or  of  the  waves  and  cuiTenfs  of  the  sea,  and  the  consequent  laying 
bare  of  some  inferior  rock.  Geolo^sts  have  perhaps  been  seldom  in  the 
habit  of  reflecting  that  this  opei'ation  baa  exerted  an  influence  on  the 
structiffe  of  the  earth's  cmst  as  universal  and  iroportant  as  sedimentary 
deposition  itself;  for  denudation  is  the  inseparable  accoinpaaiment  of 
the  production  of  all  new  strata  of  mechanical  origin.  The  formation 
of  eveiy  new  deposit  by  the  txanaport  of  sediment  and  pebbles  necessa- 
rily implies  that  there  has  been,  somewhere  else,  a  grinding  down  of  rock 
info  rounded  fragments,  sand,  or  mud,  equal  in  quantity  to, the  new 
strata.  All  deposition,  therefore,  except  in  the  ease  of  a  shower  of  vol- 
canic ashes,  is  tiie  sign  of  snperliciai  waste  going  on  contemporaneously, 
and  to  an  equal  amount  elsewhere.  The  gain  at  one  point  is  no  more 
tlian  sufficient  to  balance  the  loss  at  some  other.  Here  a  lake  has  gi'own 
shallower,  there  a  ravine  has  been  deepened.  The  bed  of  the  sea  baa  in 
one  region  been  raised  by  the  accumulation  of  new  matter,  in  another 
its  depth  has  been  augmented  by  the  abstraction  of  an  equal  quantity. 

When  we  see  a  stone  building,  we  know  that  somewhere,  fejr  or  near, 
a  quariy  has  been  opened.  The  courses  of  stone  in  the  building  may  be 
compared  to  successive  strata,  the  quarry  to  a  ravine  or  valley  which  has 
suffered  denudation.  As  the  strata;,  hke  the  courses  of  hewn  stone,  have 
been  laid  one  upon  anothei'  gradually,  so  the  excavation  both  of  the 
valley  and  quarry  have  been  gradual.  To  pursue  the  comparison  still 
farther,  the  superficial  heaps  of  mud,  sand,  and  gravel,  usually  called 
alluvium,  may  be  likened  to  the  rubbish  of  a  quarry  which  has  been  re- 
jected as  useless  by  the  workmen,  or  has  faUen  upon  the  road  between 
the  quarry  and  the  building,  so  as  to  lie  scattered  at  random  over  the 
ground. 
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following  each  otlier 
composition  and  fossil 


F,  then,  the  entire  mass  of  stratifled  deposits  in  the  eai-tli's  crust  is  at 
oaee  the  monument  and  measure  of  the  denudation  which  has  talcen 
place,  on  how  stupendous  a  scale  ought  we  to  find  the  signs  of  this  re- 
moval of  transported  mat^riaJs  in  past  ages !  Accordingly,  there  are 
different  classes  of  phenomena,  which  attest  in  a  most  striking  manner 
fie  vast  spaces  left  vacant  by  the  eiosive  power  of  water.  I  may  allude, 
first,  to  those  valleys  on  both  sides  of  which  the  same  strata  are  seen 
;  order,  and  having  the  same  mineral 
"We  may  observe,  for  example,  several 
formations,  as  Nos.  1,  2,  3,  4,  in  the  accom- 
panying diagram  (fig.  89} ;  No,  1  conglom- 
erate, No,  2  day,  No.  3  grit,  and  No.  4 
le,  each  repeated  in  a  series  of  hills 
separated  by  valleys  varying  in  depth. 
When  we  examine  the  subordinat*  parts  of 
k  SiBiiamT  these  four  formations,  we  find,  in  like  man- 

ner, distinct  beds  in  each,  corresponding,  on  the  opposite  sides  of  the 
valleys,  both  in  composition  and  order  of  position.  No  one  can  doubt 
that  the  strata  were  originally  continuous,  and  that  some  cause  has 
swept  away  tlie  portions  which  once  connected  the  whole  series.  A 
torrent  on  the  side  of  a  mountain  produces  similar  inten'uptions  ;  and 
when  we  make  artificial  cuts  in  lowering  roads,  we  expose,  in  like  man- 
ner, corresponding  beds  on  dther  side.  But  in  natui'e,  these  appearances 
occur  in  mountains  several  thousand  feet  high,  and  separated  by  inter- 
vals of  many  miles  or  leagues  in  extent,  of  which  a  grand  esemplifica- 
tion  is  desciibed  by  Dr.  MacCulloch,  on  the  northwestern  coast  of  itoss- 
shire,  in  Scotland.* 

Fi&  90. 
Suil  Veian.  Conl  beg.  Conl  more. 


noTtbneBt  lonst  of  Eos3-s]ili«.    (MBcGullrKh.) 

The  fundam.ental  rock  of  that  country  is  gneiss,  in  disturbed  strata,  on 
which  beds  of  nearly  horizontal  I'ed  sandstone  rest  unconformably.  The 
latter  are  often  very  thin,  forming  mere  fla^,  with  their  surfaces  dis- 
tinctiy  ripple-marked.  They  end  abruptly  on  the  decHvities  of  many 
insulated  mountains,  whieli  rise  up  at  once  to  the  height  of  about  2000 
feet  above  the  gneiss  of  the  surrounding  plain  or  table-land,  and  to  an 
average  elevation  of  about  3000  feet  above  the  sea,  which  all  their  sum- 
mits generally  attain.  The  base  of  gneiss  varies  in  height,  so  that  the 
lower  portions  of  the  sandstone  occupy  different  levels,  and  the  thickness 
of  the  mass  is  various,  sometimes  exceeding  3000  feet.  It  is  impossible 
to  compare  these  scattei'ed  and  detached  portions  without  imagining 
that  the  whole  country  has  once  been  covered  with  a  great  body  of  sand- 
stone, and  that  masses  fi'om  1000  tomore  than  3000  feet  in  thickness  have  . 


*  Western  Islands,  vol.  ii.  p,  S3,  pi.  31,  fijj.  4 
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Iq  the  "  Survey  of  Great  Britain"  {vol.  i.), 
shown  that  the  misising  heds,  removed  fi'om  the  summit  of  the  Meudips, 
must  have  been,  nearly  a  mile  in  thickness ;  and  he  has  pointed  out  con- 
siderable areas  in  South  Wales  and  some  of  tlie  adjacent  counties  of 
England,  where  a  series  of  palteoaoio  strata,  not  less  than  11,000  feet  in 
fhiebiess,  have  been  snipped  off.  All  these  materials  have  of  course 
been  transported  to  new  regions,  and  have  entered  into  the  composition 
of  more  modem  formations.  On  the  otJier  band,  it  is  shown  by  obser- 
vations in  the  same  "  Survey,"  that  the  palieozoio  strata  ai'e  from  20,000 
to  30,000  feet  thick.  It  is  clear  that  such  rocks,  formed  of  mud  and 
sand,  now  for  the  most  part  consolidated,  are  the  monuments  of  denuding 
operations,  which  took  place  on  a  grand  scale  at  a  very  remote  period  in 
the  earth's  histoiy.  For,  whatever  has  been  given  to  one  area  must  al- 
ways have  been  borrowed  from  another ;  a  truth  which,  obvious  as  it 
may  seem  when  fhua  stated,  must  be  repeatedly  impressed  on  the  stu- 
dent's mind,  because  in  many  geolo^cal  speculations  it  is  taken  for 
granted  that  the  external  crust  of  the  eartli  has  been  always  groAving 
thicker,  in  consequence  of  the  accumulation,  period  after  period,  of  sedi- 
mentary matter,  as  if  the  new  strata  wei*  not  always  piisduced  at  the 
expense  of  pre-existing  rocks,  stratified  or  unstratifled.  By  duly  reflect- 
ing on  the  tact,  that  all  deposits  of  mechanical  origin  imply  the  trans- 
portation from  some  other  region,  whether  contiguous  or  remote,  of  an 
equal  amount  of  solid  matter,  we  perceive  that  the  stony  exterior  of  the 
planet  must  always  have  gi'oivn  thinner  in  one  place  whenever,  by  acces- 
sions of  new  strata,  it  was  acquiring  density  in  another.  No  doubt  the 
vacant  space  left  by  the  missing  rocks,  after  extensive  denudation,  is  less 
imposing  to  the  imagination  than  a  vast  thickness  of  conglomerate  or 
sandstone,  or  the  bodily  presence  as  it  were  of  a  mountain-chain,  with 
all  its  inclined  and  curved  strata.  But  the  denuded  fracfs  speak  a  clear 
and  emphatic  language  to  our  reason,  and,  like  repeated  layers  of  fossil 
nummulites,  corals  or  shells,or  like  numerous  seams  of  coal,  each  based 
on  its  under  clay  full  of  the  roots  of  trees,  still  remaining  in  their  natural 
position,  demand  an  indefinite  lapse  of  time  for  their  elaboration. 

No  one  will  maintain  that  the  fossils  entombed  in  these  rocks  did  not 
belong  to  many  successive  generations  of  plants  and  animals.  In  like 
manner,  each  sedimeatary  deposit  attests  a  slow  and  gradual  action,  and 
the  strata  not  only  serve  as  a  measure  of  the  amoimt  of  denudation 
simultaneously  effected  elsewhere,  but  are  also  a  correct  indication  of  the 
rate  at  which  the  denuding  operation  was  carried  on. 

Perhaps  the  most  convincing  evidence  of  denudation  on  a  magniflceut 
scale  ia  derived  from  the  levelled  surfaces  of  districts  where  large  iaults 
occur.  I  have  shown,  in  fig.  Si,  p.  63,  and  in  fig,  91,  how  angular  and 
protruding  masses  of  rock  might  naturally  have  been  looked  for  on  the 
surface  immediately  above  great  faults,  although  in  fact  they  rarely 
exist.  This  phenomenon  may  be  well  studied  in  those  districts  where 
coal  has  been  extensively  worked,  for  tiiere  the  former  relation  of  the 
beds  which  have  shifted  their  position  may  be  determined  with  great  ac- 
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curacy.     Thus  in  ike  coal  field  of  Asliby  de  !a  Zouch,  in  Leicestershire 
(see  fig.  91),  3  fault  occurs,  on  one  side  of  wLicli  the  coal  beds  ah  ed 


rise  to  tlie  height  of  500  feet  above  the  corresponding  beds  on  tlie  other 
side.  But  the  uplifted  strata  do  not  stand  up  500  feet  above  the  general 
Buriaoe ;  on  the  contrary,  the  outline  of  tho  country,  as  expressed  by  the 
line  z  s,  is  uniform  and  unbroken,  and  the  mass  indicated  by  the  dotted 
outline  must  have  been  washed  away.*  There  are  proo&  of  this  kind 
in  some  level  countries,  where  dense  masses  of  strata  have  been  cleared 
away  fiom  areas  several  hundred  aquai'e  miles  in  extent. 

In  the  Newcastle  coal  dBtrict  it  is  ascertMued  that  faults  occur  in 
which  the  upward  or  downward  movement  could  not  have  been  less  than 
140  fethoma,  which,  had  tiiey  affected  equally  the  configuration  of  the 
surface  to  that  amount,  would  produce  mountains  with  precipitous  escarp- 
menta  nearly  1000  feet  high,  or  chasms  of  the  lite  depth ;  yet  is  the 
actual  level  of  tlie  country  absolutely  uniform,  affording  no  trace  whatever 
of  subterranean  niovements.f 

The  ground  from  which  these  materials  have  been  removed  is  usually 
overspread  with  heaps  of  sand  and  gravel,  formed  out  of  tie  ruins  of 
the  very  rooks  which  have  disappeai'ed.  Thus,  in  the  distiicfa  above  re- 
ferred to,  they  consist  of  rounded  and  angular  fragments  of  hard  sand- 
stone, limestone,  and  ironstone,  with  a  small  quantity  of  the  more 
destructible  shale,  and  even  rounded  pieces  of  coal. 

Allusion  has  been  already  made  to  the  shattered  state  and  discordant 
position  of  the  carboniferous  sti'ata  in  Coaibrook  Dale  (p.  62),  The 
colfiei'  cannot  pi'oceed  three  or  fom'  yards  witliout  meeting  with  small 
slips,  and  from  time  to  time  he  encounters  faults  of  condderable  magni- 
tude, which  have  thrown  the  rocks  up  or  down  several  hundred  feet 
Tet  the  superficial  inequalities  to  which  tb^e  dislocated  masses  origi- 
nally gave  rise  are  no  longer  discernible,  and  the  comparative  flatness  of 
the  existing  surface  can  only  be  explained,  as  Mr.  Prestwich  has  observed, 
by  supposing  the  fractured  portions  to  have  been  removed  by  water.  It 
is  also  dear  that  strata  of  red  sandstone,  more  than  1000  feet  thick, 
which  once  covered  the  coal,  in  the  same  region,  have  been  carried  away 

*  See  Maramat's  Geolc^cal  Facts,  Ac,  p.  90.  aiid  plate, 
f  Conjbeare's  Report  to  Br[t.  Assoc.  1843,  p.  381. 
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from  large  areas..  That  watei>  has,  in  .fJiis:  ease,  been  the  denuding  agent, 
we  may  infer  from  the  fact  that  the  rocfa  have  yielded  according  to 
their  different  degrees  of  hardness ;  the  hard  trap  of  the  Wretin,  for 
example,  and  other  hills,  having  resisted  more  than  the  softer  shale  and 
sandstone,  so  as  now  to  stand  out  in  bold  relief.* 

Origin  of  vallm/a. — Many  of  the  eai'lier  geologists,  and  Dr.  Hutfon 
among  them,  taught  that  "  rivers  htve  in  gener^  hollowed  out  their 
valleys,"  This  is  tru  nly  t  vnl  ta  -md  t  nta  which  aie  the  feeders 
of  the  larger  streams,  and  nh  h  descendin  ver  rapid  slopes,  are  most 
subject  to  temporary  na  ase  anl  In  nubon  in  the  rolume  of  their 
waters.  The  quantity  of  b  1  and  and  p  bbles  conslitufing  many  a 
modern  delta  proves  uid  jut  lly  that  n  mall  part  of  the  inequahties 
now  existing  on  the  a  th  s  nrf  e  a  d  to  fluviatile  action  ;  but  the 
principal  valleys  in  almost  every  great  hydrographical  basm  in  the  world, 
ai'e  of  a  shape  and  magnitude  which  imply  that  they  have  been  due  to 
other  causes  besides  the  mere  escavafing  power  of  rivers. 

Some  geologists  have  imagined  that  a  deluge,  or  succession  of  deluges, 
may  have  been  the  chief  denuding  agency,  and  they  have  speculated  on 
a  series  of  enormous  waves  raised  by  the  instantaneous  upthrow  of  con- 
tinents or  mountain  chains  out  of  the  sea.  But  even  were  we  disposed 
to  grant  such  sudden  upheavals  of  the  floor  of  the  ocean,  and  to  assume 
that  great  waves  would  be  the  consequence  of  each  convulsion,  it  is  not 
easy  to  explain  the  observed  phenomena  by  the  aid  of  so  gi'atuiteua  an 
hypothesis. 

On  the  other  hand,  a  machinery  of  a  totally  different  kind  seems  capa- 
ble of  giving  iTse  to  effects  of  the  required  magnitude.  It  has  now  been 
ascertained  that  the  rising  and  sinting  of  extensive  portions  of  the  earth's 
emat,  whether  insensibly  or  by  a  repetition  of  sudden  shocfe,  is  part  of 
the  actual  course  of  nature,  and  we  may  easily  comprehend  how  fie 
land  may  have  been  exposed  during  tliese  movements  to  abrasion  by  the 
waves  of  the  sea.  In  the  same  manner  as  a.  mountain  mass  may,  in  the 
course  of  ages,  be  formed  by  sedimentary  deposition,  layer  after  layer,  so 
masses  equally  volnmmous  may  in  tame  waste  away  by  inches  ;  as,  for 
example,  if  beds  of  incoherent  materials  are  raised  slowly  in  an  open  sea 
where  a  strong  current  prevails.  It  is  well  known  that  some  of  these 
oceanic  currents  have  a  breadth  of  200  miles,  and  that  they  sometimes 
run  for  a  thousand  miles  or  more  in  one  direction,  retaining  a  considera- 
ble velodtj  even  at  the  depth  of  several  hundred  feet.  Under  these  dr- 
ciunstances,  the  flowing  waters  may  have  power  to  clear  away  each 
stratum  of  incokerant  materials  as  it  rises  and  approaches'  the  surface, 
where  the  waves  exert  the  greatest  force  ;  and  in  tliis  manner  a  volu- 
minous deposit  may  be  entirely  swept  away,  so  tliat,  in  the  absence  of 
feults,  no  evidence  may  remain  of  the  denuding  operation.  It  may  in- 
deed he  aflimied  that  the  signs  of  waste  wi!!  usually  be  least  obvious 
where  the  destruction  has  been  most  complete;  for  the  annihilation 

*  Prestwich,  Geol.  Trans,  aecond  series,  toI.  v,  pp.  452,  413. 
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may  have  proceeded  so  far,  that  no  rains  are  left  of  the  dilapida,ted 
roeks. 

AlthoTigli  denudation  has  had  a  levelling  mfluence  on  some  countries 
of  shattered  and  disturbed  sti'ata  (see  fig.  87,  p.  63,  and  fig.  91,  p.  69), 
it  has  more  conunonly  be«n  the  cause  of  superficial  inequalities,  espe- 
cially in  regions  of  horizontal  stratification.  The  general  outiine  of  fliese 
regions  is  that  of  fiat  and  level  platforms,  interrupted  by  valleys  often  of 
considerable  depth,  and  ramifying  in  various  directions.  These  hollows 
may  once  have  formed  bays  and  channels  between  islands,  and  the 
sf«epest  slope  on  the  sides  of  each  valley  may  have  been  a  aea-clifi',  which 
was  undermined  for  ages,  as  the  land  emerged  gradually  from  the  deep. 
We  may  suppose  the  position  and  coui'se  of  each  valley  to  have  been 
originally  determined  by  difi'erences  in  the  hardness  of  the  rocks,  and  by 
rents  and  joints  which  usually  occur  even  in  horizontal  strata.  In  mountam 
chains,  such  as  the  Jura  before  described  (see  fig.  11,  p.  55),  we  perceive 
at  once  that  the  priadpal  valleys  have  not  been  due  to  aqueous  excava^ 
tiott,  but  to  those  mechanical  movements  which  have  bent  the  rocks  into 
their  present  form.  Yet  even  in  tiie  Jura  there  are  miny  vdleys  such 
aa  C  (fig,  71),  which  have  been  hollowed  out  by  water  ,  and  it  may  be 
■  stated  that  in  every  part  of  the  globe  the  imevenneis  ot  the  smface  of 
the  land  has  been  due  to  the  combined  influence  of  subtsrranean  move- 
ments and  denudation. 

I  may  now  recapitulate  a  few  of  the  conclusions  to  which  we  hive  ar- 
lived  :  first,  all  the  meehanica!  strata  have  been  accumulated  gradually, 
and  the  concomitant  denudation  has  been  no  less  gradual :  secondly,  the 
dry  land  consists  in  great  part  of  strata  fonned  originally  at  the  bottom 
of  the  sea,  aild  has  been  made  to  emerge  and  attmn  its  present  height 
by  a  force  acting  from  beneath  :  thirdly,  no  combination  of  causes  has 
yet  been  conceived  so  capable  of  produdng  extensive  and  gradual  denu- 
dation, as  the  action  of  tiie  waves  and  currents  of  the  ocean  upon  land 
slowly  rising  out  of  the  deep. 

Now,  if  we  adopt  these  conclusions,  we  shall  naturally  be  led  to  look 
everywhere  for  marks  of  the  former  residence  of  the  sea  upon  the  land, 
especially  near  the  coasts  from  which  the  last  retreat  of  the  waters  took 
place,  and  it  will  be  found  that  such  agna  are  not  wanting. 

I  ^all  have  occasion  to  speak  of  ancient  eea-eli&,  now  far  inlaid,  in 
the  southeast  of  England,  when  treating  in  Chapter  XIX.  of  the  denu- 
dation of  the  chalk  in  Surrey,  Kent,  and  Sussex.  Lines  of  uprwsed 
aea-beaches  of  more  modem  date  are  traced,  at  various  levels  from  30  to 
100  feet  and  upwards  above  the  present  searlevd,  for  great  distances  on 
the  east  and  west  coasts  of  Seotiand,  as  well  as  in  Devonshh'e,  and  other 
counties  in  England.  These  ancient  beach-lines  oflsn  form  terraces  of 
sand  and  gi'avd,  including  littoral  shells,  some  brolten,  others  entire,  and 
correspondiiig  with  species  now  living  on  the  adjoining  coast.  But  it 
would  be  uni'easonable  to  expect  to  meet  everywhere  with  the  signs  of 
ancient  shores,  since  no  geologist  can  have  Med  to  observe  how  soon  all 
recent  marks  of  the  kind  above  alluded  to  are  obscured  or  entirely  ef- 
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faced,  wherever,  in  consequence  of  the  altered  state  of  the  iidfa  and  cur- 
rents, the  sea  has  receded  for  a  few  centmies.  We  see  the  chffs  crumble 
down  in  a  few  years  if  composed  of  sfrnd  or  clay,  and  soon  reduced  to  a 
gentle  slope.  If  there  were  shells  on  the  beach  they  decompose,  and 
their  materials  are  washed  away,  after  which  the  sand  and  shingle  may 
resemhle  any  otlier  alluviums  scattered  over  the  interior. 

The  features  of  an  ancient  shore  may  sometimes  be  concealed  by  the 
growth  of  trees  and  shrubs,  or  by  a  coveiiog  of  blown  sand,  a  good  ex- 
ample of  which  occurs  a  few  miles  west  from  Dax,  near  Bourdeaux,  in 
the  south  of  France.  About  twelve  miles  inland,  a  steep  bank  may  be 
traced  nmning  in  a  direction  nearly  northeast  end  southwest,  or  parallel 
to  the  contiguous  coast.  This  sudden  ialJ  of  about  60  feet  conducts  ns 
from  the  higher  platform  of  the  Landes  to  a  lower  plain  which  extends 

vie.  92, 


lo  tlia  sea.  The  outline  of  the  ground  suggested  to  me,  as  it  would  do 
to  eveiy  geologist,  the  opinion  that  tlie  bank  in  question  was  once  a  aea- 
cliff,  when  the  whole  countiy  stood  at  a  lower  IcTel.  But  this  fa  no 
longer  matter  of  conjecture,  for,  in  making  escavations  in  1830  for  the 
foundation  of  a  building  at  Abesse,  a  quantity  of  loose  sand,  which 
formed  the  slope  d  e,  was  removed ;  and  a  pei'pendicular  chff,  about  60 
feet  in  height,  which  had  hitherto  been  protected  from  the  agency  of  the 
elements,  was  exposed.  At  the  bottom  appeared  the  limestone  h,  con- 
taining tertiary  shells  and  corals,  immediately  below  it  the  clay  c,  and 
above  it  the  usual  tertiary  sand  a,  of  the  depai-tment  of  the  Landes.  At 
the  base  of  the  precipice  were  seen  large  partially  rounded  masses  of 
rock,  evidently  detached  from  tlie  stratum  6.  The  face  of  the  limestone 
was  hollowed  out  and  weathered  into  such  forms  as  are  seen  in  the  cal- 
careous cliffs  of  the  adjoining  coast,  especially  at  Biarifa,  near  Bayonne. 
It  is  evident  that,  when  the  country  was  at  a  somewhat  lower  level,  the 
sea  advanced  along  the  surface  of  (he  argillaceous  stratum  c,  which,  from 
its  yielding  nature,  favored  the  waste  hy  allowing  the  more  solid  super- 
incumbent stone  6  to  be  readily  undeimined.  Aftei'wards,  when  the 
country  had  been  elevated,  part  of  the  sand,  a,  fell  down,  or  was  drifted 
by  the  winds,  so  as  to  form  the  talus,  d  e,  which  masked  the  inland  chff 
until  it  was  artificially  laid  open  to  view. 

"When  we  are  considering  the  various  causes  which,  in  the  course  of 
ages,  may  efface  the  characters  of  an  ancient  sea-coast,  earthquakes  must 
not  be  forgotten.  During  violent  shocks,  steep  and  overhanging  cliffs 
are  often  thrown  down  and  become  a  heap  of  ruins.  Sometimes  une- 
qual movements  of  upheaval  or  depression  entirely  destroy  that  horizon- 
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tality  of  the  base-line  which  constitutes  the  chief  peculiaritj-  of  au 
ancient  sea-cliff. 

It  is,  however,  in  countries  where  hard  Hmestone  iw^ks  abound,  that 
inland  ciifis  retain  iaithfully  the  charaetem  which  they  acquired  when 
liey  constituted  the  houndary  of  land  and  sea.  Thus,  in  the  Morea,  no 
less  than  three,  or  even  four,  ranges  of  what  were  once  sea-eli^  are  well 
preserved.  These  have  been  described,  by  MM.  Boblaye  and  Virlet,  as 
rising  one  above  the  other  at  different  distance  from  the  actual  shore, 
the  summit  of  the  highest  and  oldest  occasionally  exceeding  1000  feet 
in  elevation.  At  the  base  of  each  there  is  usually  a  terrace,  which  is  in 
some  places  a  few  yards,  in  others  above  300  yards  wide,  so  that  we  are 
conducted  from  the  high  land  of  the  interior  to  the  sea  by  a  succession 
of  great  steps.  These  inland  chfis  are  most  peifeet,  and  mcst  exactly  re- 
semble those  now  washed  hy  the  waves  of  the  Mediterranean,  where 
they  are  formed  of  calcareous  rock,  especially  if  the  rock  he  a  hard  ciys- 
talline  marble.  The  following  are  the  points  of  corr^pondence  obseiTed 
between  the  ancient  coast  lines  and  the  borders  of  the  pi'esent  sea : — 1.  A 
range  of  vertical  precipices,  with  a  terrace  at  their  base.  2.  A  weathered 
state  of  the  surface  of  the  naked  rock,  such  as  the  spray  of  the  sea  pro- 
duces, 3.  A  line  of  littoral  caverns  at  the  foot  of  the  cli^.  4.  A  con- 
solidated beach  or  breccia  with  occasional  marine  shells,  found  at  the 
base  of  the  elifis,  or  in  tlie  caves,     6.  Lithodomoua  perforations. 

In  r^ard  to  the  first  of  these,  it  would  be  superfluoiis  to  dwell  on  the 
evidence  afforded  of  the  undermining  power  of  waves  and  currents  by 
perpendicular  precipices.  The  littoral  caves,  also,  will  be  familiar  to 
those  who  have  had  opportunities  of  observing  the  manner  in  which  the 
waves  of  the  sea,  when  they  beat  against  rocks,  have  power  to  scoop  out 
caverns.  As  to  the  breccia,  it  is  composed  of  pieces  of  limestone  and 
rolled  fi:agments  of  thick  solid  shell,  such  as  Stromhts  and  Spondylus, 
all  bound  t<^ther  hy  a  crystalline  calcareous  cement.  Similar  aggrega- 
tions are  now  forming  on  the  modern  beaches  of  Greece,  and  in  caverns 
on  the  sea-side;  and  they  are  only  distinguishable  in  character  from 
those  of  more  ancient  date,  by  indnding  many  pieces  of  pottery.  In 
regard  to  the  lithodomt  above  alhided  to,  these  bivalve  mollusks  are  well 
known  to  have  the  power  of  excavating  holes  in  the  hardest  limestones, 
the  size  of  the  cavity  keeping  pace  with  the  growth  of  the  shell.  When 
living  they  reqiiire  to  be  always  covered  hy  salt  water,  but  similar  pea:^ 
shaped  hollows,  containing  the  dead  shells  of  these  creatures,  are  found 
at  different  heights  on  the  face  of  the  inland  cliffe  above  mentioned. 
Thus,  for  example,  they  have  been  observed  near  Modon  and  Navarino 
on  cliffs  in  the  interior  125  feet  high  above  the  Mediterranean.  As  to 
tlie  weathered  smface  of  the  calcareous  rocks,  all  limestones  are  known 
to  suffer  chemical  decomposition  when  moistened  by  the  spray  of  the 
salt  water,  and  are  conceded  still  more  deeply  at  points  lower  down  where 
they  are  just  reached  by  the  breakers.  By  this  action  the  stone  acquires 
a  wrinkled  and  farrowed  outline,  and  very  near  the  sea  it  becomes  rough 
and  branching,  as  if  covered  with  corals.     Such  effects  are  traced  not 
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only  on  the  present  shore,  but  at  the  base  of  the  andent  diffi  far  in  the 
intei'ior.  Lastly,  it  remains  only  to  speak  of  tlie  teifaces,  which  extend 
ivitJi  a  gentle  slope  ffom  the  base  of  almost  all  the  inland  cUf^,  and  are 
for  tbe  most  part  narrow  where  the  rook  is  hard,  but  sometimes  half  a 
mile  or  more  in  breadth  where  it  is  soft.  Hey  are  the  effects  of  the 
encroadiment  of  the  andent  sea  upon  the  shore  at  those  levels  at  whidi 
the  land  I'emained  for  a  long  time  stationary.  The  justness  of  tliis  view 
is  apparent  on  examining  the  shape  of  the  modem  shore  wherever  the 
eea  is  advandng  upon  the  land,  and  removing  annually  small  poi'tiona 
of  undermined  roet.  By  this  agency  a  submai-iBe  platform  is  produced 
on  which  we  may  walk  for  some  distance  from  the  beach  in  shallow 
water,  the  increase  of  depth  being  veiy  gradual,  until  we  reach  a  point 
where  the  bottom  plunges  down  suddenly.  This  platform  is  widened 
witli  more  or  less  rapidity  according  to  the  hardness  of  the  rocks,  and 
when  upraised  it  constitutes  an  inland  terrace. 

But  tiie  four  prindpal  lines  of  cliif  observed  in  the  Morea  do  not 
imply,  as  some  have  imagined,  four  great  eras  of  sudden  upheaval ;  they 
simply  indicate  the  intarmittance  of  the  upheaving  force.  Had  the  rise 
of  the  land  been  continuous  and  uninterrupted,  fiere  would  have  been 
DO  one  prominent  hue  of  diff;  for  every  portion  of  the  surface  having 
been,  in  its  turn,  and  for  an  equal  peiiod  of  time,  a  sea-shore,  would 
have  presented  a  nearly  similar  aspect.  But  if  pauses  occur  in  iJie  pro- 
cess of  upheaval,  the  waves  and  currents  have  time  to  sap,  throw  down, 
and  dear  away  considerable  masses  of  rock,  and  to  shape  out  at  cei'tain 
levels  lofty  ranges  of  eliffi  with  broad  terraces  at  thdr  base. 

There  are  some  levdled  spaces,  howevei',  both  andent  and  modem,  in 
the  Morea,  which  are  not  due  to  denudation,  although  resembling  in 
outiine  tie  terraces  above  descidbed.  They  may  be  called  Terraces  of 
Deposition,  since  they  have  resulted  from  tJie  gain  of  land  upon  the  sea 
where  livers  and  torrents  have  produced  deltas.  If  the  sedimentaiy 
matter  has  filled  up  a  bay  or  gulf  surrounded  by  steep  mountains,  a  flat 
plain  is  formed  skirting  the  inland  predpices ;  and  if  these  deposits  are 
upraised,  they  form  a  feature  in  the  landscape  very  similar  to  tJie  areas 
of  denudation  before  described. 

In  the  island  of  Sidly  I  have  examined  many  inland  cliffs  like  those 
of  the  Morea  ;  as,  for  example,  near  Palermo,  whei'e  a  precipice  is  seen 
consisting  of  limestone,  at  the  base  of  which  are  numerous  caves.  One 
of  these,  called  San  Giro,  about  2  miles  distant  from  Palermo,  is  about 
20  feet  high,  10  wide,  and  180  above  the  sea.  Within  it  is  found  an 
andent  beach  (S,  fig.  93),  fomied  of  pebbles  of  various  rocks,  many  of 
which  must  have  come  from  places  far  remote.  Broken  pieces  of  coral 
and  shell,  especially  of  oystei's  and  pectens,  are  seen  intermingled  with 
the  pebbles.  Immediately  above  the  levd  of  this  beach,  eerpalie  ai-e 
still  found  adhering  to  tiie  fece  of  the  roci,  and  the  Hmestone  is  perib- 
j'ated  by  Uthodomi.  "Within  the  grotlo,  also,  at  tiie  same  level,  similar 
perforations  occiu';  aad  so  numerous  are  the  holes,  that  the  rock  is  coni- 
pared  hy  Hoffmann  to  a  target  pierced  by  musket  balls.     But  in  oider 
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to  expose  to  view  these  marks  of  boring-ehella  in  the  interior  of  the  eave, 
it  was  necessary  fii-st  to  remove  a  mass  of  breccia,  which  consisted  of 


numerous  fragments  of  rock,  and  an  immense  quantity  of  hones  of  the 
mammoth,  liippopotamus,  and  other  quadmpeds,  imbedded  in  a  dark 
brown  calcareoua  marl.  Many  of  tbe  bones  were  rolled,  as  if  partially 
subjected  to  the  action  of  the  waves.  Below  this  breccia,  which  is  about 
20  feet  thick,  was  found  a  bed  of  sand  filled  with  aea-skelis  of  recent 
species  ;  and  underneath  the  sand,  again,  is  the  secondary  limestone  of 
Monte  Grifone.  The  state  of  the  surfece  of  the  limestone  in  tbe  cave 
above  the  level  of  the  marine  sand  is  veiy  different  from  that  below  it. 
Above,  the  roek  is  jagged  and  uneven,  as  is  usual  in  the  roofe  and  sides 
of  limestone  caverns ;  helmv,  tlie  surface  is  smoofi  and  polished,  as  if 
by  tbe  attiition  of  flie  waves. 

The  platfonn  indicated  at  c,  fig.  93,  is  formed  by  a  fertiaiy  deposit 
containing  marine  shells  almost  all  of  living  species,  and  it  affords  an 
illustration  of  the  terrace  of  deposition,  or  the  last  of  the  two  kinds  be- 
fore mentioned  (p.  "fi). 

There  are  also  numerous  instances  in  Sicily  of  terraces  of  denudation. 
One  of  fbese  occurs  on  the  east  coast  to  the  north  of  Syracuse,  and  the 
same  is  resumed  to  the  south  beyond  the  town  of  Noto,  where  it  may 
be  traced  forming  a  continuous  and  lofty  precipice,  a  b,  fig,  94,  facing 
towards  the  sea,  and  constituting  the  abrupt  termination  of  a  calcareous 
formation,  which  extends  in  horizontal  strata  tar  inland.     This  precipice 
varies  in  height  from  500  to  700  feet,  and  between  its  base  and  the  sea 
is  an  inferior  platform,  c  b,  consisting  of  similar  white  limestone, 
the  beds  dip  towards  the  sea,  but  are  usually  inclined  at  a  very  slighi 
angle :  they  are  seen  to  extend  uninteiTuptedly  from  the  base  of  the 
escarpment  into  the  platform,  showing  distinctly  that  tbe  lofty  cliff  v 
not  produced  by  a  fault  or  vertical  shift  of  the  beds,  but  hy  the  remo' 
of  a  considerable  mass  of  rock.     Hence  we  may  conclude  that  the  s 
which  is  now  undermining  the  cliffe  of  the  Sicilian  coast,  reached 
some  former  period  the  base  of  tiie  precipice  a  b,  at  which  time  the  s 

*  Section  given  by  Dr.  Christie.  Edin.  New  Pbil.  Journ.  Na  xsiii.  called  hj 
mistake  the  Cave  of  Mardolce,  by  the  late  M.  Hoffmann.  See  account  by  Mr,  S. 
P.  Pratt,  F.  G.  S.    Proceedings  of  GeoL  Soc  No,  82,  1ES3. 
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face  of  the  teraace  c  h  must  have  been  covered  by  the  Mediterranean. 
There  was  a  pause,  therefore,  in  tiie  upward  movement,  when  the  waven 


Sea f  "^ 


of  the  sea  had  time  to  earvo  out  the  platform  c  h  ;  but  there  may  have 
been  many  other  staldonary  periods  of  minot  duration.  Suppose,  for 
example,  fliat  a  series  of  escarpments  e,  f,  g,  li,  onee  existed,  and  that 
the  sea,  during  a  long  interval  free  from  subteiTanean  movements, 
advances  along  the  line  e  b,  aU  preceding  elife  must  have  been 
swept  away  one  after  the  other,  and  reduced  to  the  single  precipice 

That  such  a  series  of  smaller  elite,  as  those  represented  at  e,  /,  ff,  h, 
fig.  94,  did  really  once  exist  at  intermediate  heights  in  place  of  the  single 
precipice  a  6,  is  I'endered  highly  probable  by  the  fact,  that  in  certain 
bays  and  inland  valleys  opening  towards  the  east  aossi  of  Sicily,  and  not 
fer  from  the  section  given  in  fig,  94  the  s  hd  limtstone  is  shape  1  out 
into  a  great  succession  of  ledges,  spp-wated  ft  m  ea  h  other  by  small 
vertical  elife,     These  are  sometimes  so  numeroiu.  one  above  the  other. 


Fit  M 


that  where  there  is  a  bend  at  the  head  of  a  valley,  they  produc 
feet  singularly  resembling  the  seats  of  a  Roman  amphitheatre. 
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example  of  this  configuration  occurs  near  th.e  town  of  Mclilli,  as 
seen  in  tlie  annexed  view  (fig,  95),  In  the  south  of  the  island,  near 
Spaccafomo,  Scidi,  and  Modica,  precipitous  rocks  of  white  limestone, 
ascending  to  the  .height  of  500  feet,  have  heen  carved  out  into  similar 

This  appearance  of  a  range  of  marhle  seats  circling  round  the  head  of 
a  valley,  or  of  great  flights  of  steps  descending  fiwrn  the  top  to  the  bot- 
tom, on  the  opposite  sides  of  a  goi'ge,  may  he  accounted  for,  as  already 
hinted,  by  supposing  the  sea  to  have  stood  successively  at  many  different 
levels,  as  at  a  a,,J>  h,  c  c,  in  the  accompanying  fig.  98.  But  the  causes 
of  the  gradual  contraction  of  the  valley  from  above  downwards  may 


still  be  matter  of  speculation.  Such  contra^^tion  may  be  due  to  the 
greater  forc^  exerted  by  the  waves  when  the  land  at  its  fii-st  emergence 
was  smaller  in  quantity,  and  more  exposed  to  denudation  in  an  open 
sea ;  whereas  the  wear  and  tear  of  the  rocks  might  diminish  in  propor- 
tion as  this  action  liecame  confiacil  within  bays  or  channels  closed  in  on 
two  or  three  sides.  Or,  secondly,  the  separate  movements  of  elevation 
may  have  followed  each  other  more  rapidly  as  the  land  continued  to  rise, 
so  that  the  times  of  those  pauses,  dming  which  the  greater  denudation 
was  accomplished  at  certain  levels,  were  always  growing  shorter.  It 
should  be  remarked,  that  the  difls  and  small  terraces  are  rarely  found  on 
the  opposite  sides  of  the  SiciUan  valleys  at  heights  so  precisely  answering 
to  each  other  as  those  given  in  fig.  96,  and  this  might  have  been  ex- 
pected, to  whichever  of  tlie  two  hypotheses  above  explained  we  incline ; 
for,  according  to  the  direction  of  the  prevailing  winds  and  currents,  the 
waves  may  beat  .with  unequal  force  on  different  parts  of  the  shore,  so 
that  while  no  impression  is  made  on  one  side  of  a  bay,  the  sea  may 
encroach  so  far  on  the  other  as  to  unite  several  smaller  cliffe   into 

Befoi-e  quitting  the  subject  of  andent  sea-clifls,  carved  out  of  lime- 
stone, I  shall  mention  the  range  of  precipitous  rocks,  composed  of  a 
white  marble  of  the  Oolitic  period,  which  I  have  seen  near  the  northern 
gate  of  St.  Mihiel  in  France.  They  are  situated  on  the  right  hank  of 
the  Meuse,  at  a  distance  of  200  miles  ii'om  the  nearest  sea,  and  they 
present  on  the  precipice  facing  the  river  three  or  four  horizontal  grooves, 
one  above  the  other',  precisely  resembling  those  which  ai-e  scooped  out 
by  the  undermining  waves.  The  surainits  of  several  of  these  masses  are 
"       "    I  from  ih^  adjoining  hill,  in  which  case  the  grooves  pass  all 
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round  them,  facing  towards  all  poiiifa  of  tie  compass,  as  if  they  liad 
once  formed  rocky  islets  near  the  shore.* 

Captain  Bayfield,  in  his  survey  of  the  Gulf  of  St.  Lawrence,  discov- 
ered in  several  places,  especially  in  the  Mingan  islands,  a  countej'part  of 
the  inland  clifft  of  St.  Mihiel,  and  traced  a  succession  of  shingle  beaches, 
one  above  the  other,  which  agreed  m  their  level  with  some  of  the  prin- 
cipal grooves  scooped  out  of  the  limestone  pillars.  These  beadies  con- 
sisted of  calcareous  shingle,  with  shells  of  recent  species,  the  farthest 
from  the  shore  being  60  feet  above  the  level  of  the  higlest  tides.  In 
addition  to  the  drawings  of  the  pillars  called  the  flowej-pots,  which  he 
has  puhhshed,t  I  have  been  favored  with  other  views  of  rocks  on  the 
same  coast,  drawn  by  Lieut.  A.  Bowen,  E.  N,     (See  fig,  &1.) 


In  the  North-American  beaches  above  mentioned  rounded  fi 
of  limeatone  have  been  fouml  perforated  hy  hthodomi ;  and  holes  drilled 
by  the  same  moUusks  ha\e  bein  detected  in  the  columnar  rocks  or 
"  flowei'-pots,"  showing  that  there  has  been  no  great  amount  of  atmos- 
pheric decomposition  on  the  suiface,  oi  the  cavitie?  alluded  to  would 
have  disappeared. 


*  I  was  directed  by  M.  Dcahayea  to  ibis  spot,  whicih  I  yi 
t  Sea  Trans,  of  Geol.  Soc.  second  series,  vol  v.  plate  v. 
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We  liave  an  opportumty  of  seeing  in  the  Bermuda  islands  the  man- 
ner in  which  the  waves  of  the  Atlantic  have  worn,  and  are  now  wearing 
out,  deep  smooth  hollows  on  every  side  of  projecting  maisses  of  hsKl 
limestone.  In  the  annexed  drawing,  communicated  to  me  by  Lieut. 
Nelson,  the  excavations  c,  c,  c,  have  been  scooped  out  by  the  waves  in  a 
stone  of  very  modem  date,  which,  although  extremely  hai'd,  is  full  of 
recent  corab  and  sheila,  some  of  which  retain  their  color. 

When  the  forms  of  these  hoiizontal  grooves,  of  which  the  surface  is 
SMiietimes  smooth  and  almost  polished,  and  the  roofe  of  which  often 
overhang  to  the  extent  of  5  feet  or  more,  have  been  carefully  studied  by 
geologists,  they  will  serve  to  testify  the  former  action  of  the  waves  at 
innumerable  points  far  in  the  interior  of  the  confinents.  But  we  must 
learn  to  distingTiish  the  indentations  due  to  tlie  original  action  of  the 
sea,  and  those  caused  by  subaequent  chemical  decomposition  of  calcare- 
ous rocks,  to  which  they  are  liable  in  the  atmosphere. 

Notwithstanding  the  enduring  nature  of  the  marks  left  by  littoral 
action  on.  calcareous  rocks,  we  can  by  no  means  detect  sea-beaches  and 
inland  cUffi  everywhere,  even  in  Sicily  and  the  Morea.  On  the  contrary, 
they  are,  upon  the  whole,  extremely  partial,  and  are  often  entirely  want- 
ing in  districts  composed  of  argillaceous  and  sandy  formations,  which 
must,  nevertlieless,  have  been  upheaved  at  the  same  time,  aad  by  the 
same  intermittent  movements,  as  the  adjoining  calcareous  rooks. 


CHAPTER   Vn. 


Alluvium  described— Due  to  complicnted  caiisea — ^Of  Tarioua  agea,  aa  sliown  iu 
Auvergne— How  diatingnished  from  racks  in  jj(m— EJTer-teiTacca— Paridlcl 
roada  of  Glen  Eoj — Vatioua  theories  reepectiog  their  origin. 

BBTWKBtr  the  superficial  coveiing  of  vegetable  mould  and  the 
subjacent  rock  there  usuahy  intervenes  in  every  district  a  deposit 
of  iooae  gravel,  sand,  and  mud,  to  which  the  name  of  alluvium  has 
been  apphed.  The  tenn  ia  derived  from  alluvio,  an  inundation,  or 
allvo,  to  wash,  because  the  pebbles  and  sand  commonly  re?emble 
those  of  a  rivei''a  bed  or  the  mud  and  gravel  spread  over  low  lands  by  a 
flood. 

A  partial  covering  of  such  alluvium  is  found  alike  in  all  climates, 
fiiim  the  equatorial  to  the  polar  regions  ;  but  in  the  higher  latitudes  of 
Europe  and  North  America  it  assumes  a  distinct  character,  being  very 
freqUentiy  devoid  of  stratification,  and  containing  huge  fraguienfa  of 
rock,  some  angular  and  othera  rounded,  which  have  been  transported  to 
great  distances  fiDm  their  parent  moimtains.     When  it  presents  itself 
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ill  this  fomi,  it  has  been  called  "diluTium,"  "drift,"  or  the  "bouldei 
formatioa ;"  and  its  prohable  connection,  ivith  the  agency  of  floating  ice 
and  glaciers  will  be  ti'eated  of  more  particularly  in  the  eleventh  and 
twelfth  ehaptera. 

Tie  student  will  be  pi'epared,  by  what  I  have  said  in  tlie  iast  chapter 
1,  to  hear  that  loose  gravel  and  sand  are  ofl^n  met  ivith, 
a  the  low  grounds  bordering  rivers,  but  also  at  various  points 
!s  or  even  summits  of  mountains.  For,  in  the  course  of  those 
physical  geography  which  may  take  place  during  tlie  gradual 
emergence  of  the  bottom  of  the  sea  and  its  convereion  into  dry  land, 
any  spot  may  either  have  been  a  sunten  reef,  or  a  bay,  or  estuary,  or 
sea-shore,  or  the  bed  of  a  river.  For  this  reason  it  woidd  be  unreason- 
able to  hope  that  we  should  ever  be  able  to  account  for  all  the  aUuvial 
phenomena  of  each  pailicular  country,  seeing  that  the  causes  of  their 
origin  are  so  eonjplicated.  Moreover,  the  last  operations  of  water  have 
a  tendency  to  disturb  and  confound  together  all  pre-existing  ailuviuniB. 
Hence  we  are  always  in  danger  of  regarding  as  the  work  of  a  single 
era,  and  the  effect  of  one  cause,  what  has  in  reality  been  the  result  of  a 
variety  of  distinct  agents,  during  a  long  succession  of  geological  epochs. 
Much  useful  instruction  may  therefore  be  gained  fi'om  the  exploration  of 
a  country  like  Auvergne,  where  the  superficial  gi'avel  of  very  different 
«ras  happens  to  liave  been  preserved  by  sheets  of  lava,  which  were 
poured  out  one  aftor  the  other  at  periods  when  the  denudation,  and 
probably  tlie  upheaval,  of  rocks  were  in  progress.  That  region  had  al- 
ready acquired  in  some  degree  its  present  configuration  before  any  volca- 
noes were  in  activity,  and  before  any  igneous  matter  was  superimposed 
upon  the  granite  and  fossiliferous  formations.  The  pebbles  therefore  in 
the  older  gravels  are  exclusively  constituted  of  gi'anite  and  other  aborigi- 
nal rocks;  and  aftemaid-.,  when  volcanic  vents  burst  forth  into  eruption. 


of  flifferont  Bges. 


tliose  eai'lier  alluviums  were  covered  by  sti'eams  of  lava,  which  protected 
them  fi'om  intermixture  with  gravel  of  subsequent  date.  In  the  course 
of  ages,  a  new  system  of  valleys  was  excavated,  so  that  the  rivers  ran 
at  lower  levels  than  those  at  which  the  first  alluviums  and  sheets  of  lava 
were  formed.  Wheii,  therefore,  fresh  eruptions  gave  rise  to  new  lava, 
the  melted  mattei'  was  poured  out  over  lower  grounds ;  and  the  gravel 
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of  theae  plaina  differed  feom  the  first  or  upland  alluvium,  by  containing 
in  it  rounded  fragments  of  various  volcanic  rocis,  and  oftoi  bones  be- 
longing to  distinct  groups  of  land  animals  whidi  flourished  in  the  coun- 

Tlie  annexed  drawing  will  explain  the  different  heights  at  which  beds 
of  lava  and  gravel,  each  distinct  from  the  other  in  composition  and  age, 
are  observed,  some  on  the  flat  tops  of  hilla,  700  or  800  feet  high,  ofcheni 
on  the  slope  of  the  same  hills,  and  the  newest  of  all  in  the  <iamiel  of 
the  esisfing  river  where  there  is  usually  gravel  alone,  but  in  some  cases 
a  naiTow  stripe  of  solid  lava  sharing  the  bottom  of  the  valley  with  the 
river.  In  all  these  accamulations  of  transported  matter  of  diffei'ent 
ages,  the  bones  of  extinct  quadrupeds  have  been  found  belonging  to 
assemblages  of  land  mammaha  which  floimshed  in  the  country  in  suc- 
cession, and  which  vary  specifically,  the  one  from  the  other,  in  a  greater 
or  less  degi'ee,  in  proportion  as  the  time  which  separated  their  entomb- 
ment has  been  more  or  less  protracted.  The  streams  in  the  same  district 
are  still  undermining  their  banks  and  grinding  down  into  pebbles  or 
sand,  columns  of  basalt  and  fragments  of  granite  and  gneiss ;  but  the 
older  alluviums,  with  the  fossil  remains  belonging  to  them,  ate  prevented 
from  being  mingled  with  the  gi'ave!  of  recent  dat«  by  the  cappings  of 
lava  before  mentioned.  But  for  the  accidental  interference,  therefore,  of 
this  peculiar  cause,  aU  the  alluviums  might  have  passed  so  insensibly  the 
one  into  the  other,  that  those  formed  at  the  remotest  era  might  have 
appeared  of  the  same  date  as  the  newest,  and  the  whole  formation  might 
have  been  regarded  by  some  geologists  as  the  result  of  one  sudden  and 
violent  catastrophe. 

In  almost  every  country,  the  alluvium  consists  in  its  upper  part  of 
transported  materials,  but  it  often  passes  downwaids  into  a  mass  of 
broken  and  angular  ii'agments  derived  from  the  subjacent  rock.  To  this 
mass  the  provincial  name  of  "rubble,"  or  "brash,"  is  given  in  many 
parts  of  England.  It  may  be  referred  to  the  weathering  or  disintegrar 
tion  of  stone  on  the  spot,  the  effecls  of  air  ajid  wate',  oun  and  frost,  and 
chemical  decomposition. 

The  inferior  snr&ce  of  alluvial  deposits  is  often  very  irregular,  con- 
forming to  all  the  inequalities  of  the  ftmdamental  rocks  (fig.  100).     Oc- 
casionally, a  small  mass,  as  at  c,  appears 
detached,  and  as  if  included  in  the  subja- 
cent formation.    Such  isolated  portions  are 
usually  sections  of  winding  subterranean 
hollows  filled  up  with  alluvium.    They 
may  have  been  the  courses  of  springs  or 
subterranean  streamlets,  which  have  flowed 
through  and  enlarged  natural  rents;  or, 
1  a  small  scale  and  in  soft  strata, 
they  may  be  spaces  which  the  roots  of  lai^ 
trees  have  once  occupied,  gravel  and  sand 
g  been  introduced  after  their  decay. 
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But  fliere  are  other  deep  hollows  of  a  q'lindrical  form  found  in  Eng- 
land, France,  and  elsewhere,  penetrating  the  white  chalk,  and  filled  with 
sand  and  gravel,  which  are  not  so  readily  explained.  Tliey  are  some- 
times caltpd  "sand-pipea"  or  "sand-galls,"  and  "puits  naturels,"  in 
France     Those  represented  m  tlie  annexed  cut  were  ohaeived  bj  me  m 


i 
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1839,  laid  open  in  a  large  chalk-pit  near  Norwich.  They  were  of  very 
symmetrica]  form,  tlie  laigest  more  than  12  feet  in  diameter,  and  some 
of  them  had  been  toaced,  by  boring,  to  the  depth  of  more  than  60  feet. 
The  smaller  ones  varied  from  a  few  inches  to  a  foot  in  diameter,  and 
seldom  descended  more  than  12  feet  below  the  snrface.  Even  where 
three  of  them  occniTed,  as  at  a,  fig.  101,  very  close  together,  the  parting 
walls  of  soft  white  chalk  were  not  broken  through.  They  all  taper 
downwards  and  end  in  a  point.  As  a  general  rule,  sand  and  pebbles 
occupy  the  central  parts  of  each  pipe,  while  the  sides  and  bottom  are 
lined  wiUi  clay. 

Mr.  Trimmer,  in  speaking  of  appearances  of  the  same  kind  in  the 
Kentish  chalk,  attributes  the  origin  of  such  "sand-galls"  to  the  action 
of  the  sea  on  a  beach  or  ahoal,  where  the  waves,  chai'ged  with  shingle 
and  sand,  not  only  wear  out  longitudinal  fmrows,  such  as  may  be  ob- 
served on  the  surface  of  the  chalk  near  Norwich  when  the  incnmbent 
gravel  is  removed,  but  also  drill  deep  circular  hollows  by  the  rotary  mo- 
tion imparted  to  sand  and  pebbles.  Such  furrows,  as  well  as  vertical 
cavities,  are  now  formed,  he  observes,  on  the  coast  where  the  shores  are 
composed  of  chalk.* 

That  the  commencement  of  many  of  the  tubular  cavities  now  under 
consideration  has  been  due  to  the  cause  here  assigned,  I  have  little  doubt. 
But  such  mechanical  action  could  not  have  hollowed  ont  the  whole  of 
the  sand-pipes  c  and  d,  fig.  101,  because  several  large  chalk-flints  seen 
protruding  from  the  walls  of  the  pipes  have  not  been  eroded,  while  sand 
and  gravel  have  penetrated  many  feet  below  them.     In  othei'  cases,  as 

*  Trimmer,  Proceedirgs  of  Qfiol.  Sea.  vol.  iv.  p.  7,  1843. 
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at  6  S  ml  unr  nde  1  odulps  of  fliot,  still  preserving  tbeb  irregular 
f  m  dj  1  h  te  oatmg  are  found  at  yariom  depths  in  the  midst  of  the 
loose  mAte  lals  fill  g  the  i  pe  These  have  evidently  been  detached 
f  cm  regulw  1  ye  f  flmf's  o  0  irring  above.  It  ia  also  to  be  remarked 
thit  fie  c  irse  of  fha  am  sand-pipe,  6  5,  ia  traceable  above  the  levei 
of  the  balk  for  s  me  Ktance  pwaids,  through  the  incumbent  gravel 
and  san  1  1  y  the  obhter'it  on  of  all  signs  of  stratification.  Occasionally, 
ilso  16  n  tl  e  J  pe  rf  the  overiying  beds  of  gravel  bend  downwards  into 
the  o  th  f  the  p  pe,  ?o  as  to  become  in  part  vertical,  as  wonld  happen 
il  horizontal  layers  had  sunk  .gradually  in  consequence  of  a  fejlure  of 
support.  All  these  phenomena  may  be  accounted  for  by  attributing  the 
enlargement  and  deepening  of  the  sand-pipes  to  the  chemical  action  of 
water  charged  with  carbonic  acid,  derived  from  the  vegetable  soil  and 
the  decaying  roots  of  trees.  Such  add  might  corrode  the  chalk,  and 
deepm  indefinitely  any  previously  existing  hollow,  but  could  not  dissolve 
the  flinte.  The  wafer,  afier  it  had  become  saturated  wifli  carbonate  of 
lime,  might  freely  percolate  the  surrounding  porous  walls  of  chalt,  and 
escape^  through  fJiem  and  from  the  bottom  of  the  tube,  so  as  to  carry 
away  in  the  course  of  tmie  large  masses  of  dissolved  calcareous  i-ock,* 
and  leave  behind  it  on  the  edges  of  each  tubular  hollow  a  coating  of  fine 
day,  which  the  white  chalk  contains. 

I  have  seen  tubes  predselj  similar  and  from  1  to  5  feet  in  diameter 
traversing  vertically  the  upper  half  of  the  soft  calcareous  buildingistone, 
or  chalk  without  flints,  constituting  St.  Peter's  Mount,  Maestricht  -.  These 
hollows  are  filled  witl  pebbles  and  day,  derived  from  overlying  beds  of 
grave!,  and  all  terminate  downwards  like  those  of  Norfolk.  I  was  in- 
foimed  that,  Q  miles  from  Maestricht,  one  of  these  pipes,  2  feet  in  diam- 
eter, was  traced  downwards  to  a  bed  of  flattened  flints,  forming  an  almost 
confiuHoiis  layer  in  the  chalk.  Here  it  terminated  abruptly,  but  a  few 
small  root-like  prolongations  of  it  were  defected  immediately  bdow, 
probably  where  the  dissolving  substance  had  penetrated  at  some  points 
through  openings  in  the  siliceous  mass. 

_  It  is  not  so  easy  as  may  at  first  appear  to  draw  a  dear  line  of  distinc- 
tion between  the  Jixed  rocks,  or  regular  strata  (rooks  m  situ  or  in  place), 
and  alluvium.  If  the  bed  of  a  tori^ent  or  river  be  dried  up,  we  call  the 
gravd,  sand,  and  mud  left  in  their  diannels,  or  whatever,  duiing  floods, 
they  may  have  scattered  over  the  n«ghboring  plains,  aHuvium.  The 
very  same  materials  carried  into  a  lake,  where  they  become  sorted  by 
water  ajid  arranged  in  more  distinct  layers,  espeda]ly  if  tJiey  inclose  the 
remains  of  plants,  shells,  or  other  fossils,  are  termed  regular  strata. 

In  like  manner  we  may  sometimes  compare  the  gravd,  sand,  and 
broken  shdls,  strewed  along  the  path  of  a  rapid  marine  current,  with  a 
deposit  fonued  contemporaneously  by  the  discharge  of  aimilar  matenils, 
year  after  year,  info  a  deeper  and  more  tranquil  part  of  fie  sea  In 
sudi  cases,  when  we  detect  marine  shells  or  other  org^mc  remains  en 

*  See  Ly oil  on  8 and- pipe 3,  Ac.  Pliil.  Ma^  tLiri  'ier  e'-  vol  m   ;    Sd"   Oct  18J9 
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tombed  in  the  strata,  which  enable  us  to  determine  tlieir  age  and  mode 
of  oiigin,  we  regard  them  aa  part  of  the  regular  series  of  fossiliferous 
formations,  whereas,  if  there  are  no  fossils,  we  have  frequently  no  power 
of  separating  them  from  the  general  mass  of  superficial  alluvium. 

The  usual  rmty  of  organic  remains  in  beda  of  loose  gravel  and  sand 
is  partly  owing  to  the  rapid  and  turbid  water  in  which  they  were  formed 
having  been  in  a  conditi>n  unfavorable  to  the  habitation  of  aquatic 
beings,  and  partly  to  their  porous  nature,  which,  by  allowing  tiie  free 
percolation  of  rain-water,  has  promoted  the  decomposition  and  removal 
of  organic  matteiv 

It  has  long  been  a  matter  of  common  observation  that  most  rivei's 
are  now  cutting  their  channels  through  alluvial  deposits  of  greater  depth 
and  extent  than  could  ever  have  been  foi-med  by  the  present  streams. 
From  this  fact  a  rash  inference  has  sometimes  been  drawn,  that  rivers  in 
general  have  grown  smaller,  or  become  leas  liable  to  be  flooded  than 
formerly.  But  such  phenomena  would  be  a  natural  result  of  any  con- 
siderable oscillations  in  the  level  of  the  land  experienced  since  tlie  exists 
ing  valleys  originated. 

Suppose  part  of  a  continent,  comprising  within  it  a  large  hydrograph- 
ical  basin  like  that  of  the  Mississippi,  to  subside  several  inches  or  feet  in 
a  century,  as  the  west  coast  of  Greenland,  extending  800  miles  north 
and  south,  has  been  sinMng  for  three  or  four  centuries,  between  tlie  lati- 
tudes 60°  and  69'^  N.*  There  might  be  no  encroadiment  of  the  sea 
at  the  river's  mouth  in  consequence  of  this  change  of  level,  but  the  fall 
of  the  waters  flowing  from  tlie  interior  being  lessened,  the  mmn  river 
and  its  tributaries  would  have  less  power  to  cany  down  to  its  delta,  and 
to  dkcharge  into  the  ocean,  the  sedimentary  matter  with  which  they  are 
annually  loaded.  They  would  all  begin  to  raise  their  channels  and  allu- 
vial plains  by  depositing  in  them  the  heavier  sand  and  pebbles  washed 
down  from  the  upland  countay,  and  this  operation  would  taie  place  most 
effectively  if  the  amount  of  subsidence  in  the  interior  was  unequal,  and 
especially  if,  on  the  whole,  it  exceeded  that  of  the  region  near  tiie  sea. 
If  then  the  same  area  of  land  be  again  upheaved  to  its  former  height, 
the  fell,  and  consequently  the  velocity,  of  every  river  would  begin  to 
augment.  Each  of  them  would  be  less  given  to  overflow  its  alluvial 
plain  ;  and  their  power  of  carrying  eai-thy  matter  seaward,  and  of  scour- 
ing out  and  deepening  their  channels,  would  continue  till,  after  a  lapse 
of  many  thousand  years,  each  of  them  would  have  ei'oded  a  new  channel 
or  valley  through  a  fluvialdle  formation  of  modem  date.  The  surface  of 
what  was  once  the  river-plain  at  the  pei  lod  of  greatest  depression,  would 
remain  fringing  the  valley  sides  in  the  firm  of  a  terrace  apparently  flat, 
but  in  reaUty  sloping  down  with  the  general  mcbnation  of  the  river. 
Everywhere  this  terrace  would  present  cliffi  of  gravel  and  sand,  facing 
the  river.  That  such  a  series  of  movements  has  aotuilly  taken  place  in 
the  main  valley  of  the  Mississippi  and  m  its  tributary  valleys  during 

^  Principles  of  Geology.  7th  ed.  p.  506,  8th  ed.  -■iOB. 
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osdllations  of  level,  I  have  endeavored  to  allow  in  my  descriptjou  of  that 
coimtiy  ;*■  and  the  freahwater  shells  of  existing  species  and  hones  of 
land  quadrupeds,  partly  of  estinct  races  preserved  in  the  terraces  of  flu- 
viatile  origin,  attest  the  exclusion  of  the  sea  during  the  whole  process  of 
fiUing  up  and  partial  re-excavation. 

In  many  cases,  the  alluvium  in  which  rivers  are  now  cutting  theij' 
channels,  originated  when  the  land  first  rose  out  of  the  sea,  I^  for  ex- 
ample, the  emergence  was  caused  by  a  gradual  and  uniform  motion, 
every  hay  and  estuary,  or  the  straits  between  islands,  would  dry  up 
slowly,  and  dunng  their  conversion  into  valleys,  every  part  of  the  up- 
heaved area  would  in  ita  turn  ha  a  sea-shore,  and  might  be  strewed  over 
with  htforal  sand  and  pebhles,  or  each  spot  might  he  the  point  where  a 
delta  accumuldted  during  the  retreat  and  exclusion  of  the  sea.  Mate- 
rials so  accumulated  would  conform  to  the  general  slope  of  a  valley  fi'om 
ifs  head  to  the  sea-coast. 

Biver  terraces. — We  often  observe  at  a  short  distance  from  the  present 
bed  of  a  river  a  steep  cliff  a  few  feet  or  yards  high,  and  on  a  level  with 
the  top  of  it  a  flat  terrace  coi-responding  in  appearance  to  the  alluvial 
plain  which  immediately  borders  the  riveiv  This  terrace  is  again  bounded 
by  another  cliff,  above  which  a  second  teraace  sometimes  occurs :  and  in 
fihis  manner  two  or  three  ranges  of  cUfis  and  terraces  are  occasionally 
seen  on  one  or  both  sides  of  the  stream,  the  number  varying,  but  those 
on  the  opposite  sides  often  corresponding  in  height 


These  terraces  are  seldam  continuous  for  great  distances,  and  their 
surfece  slopes  downwards,  with  an  inclination  similar  to  that  of  the  river. 
They  are  readily  explained  if  we  adopt  (he  hypothesis  before  suggested, 
of  a  gradual  rise  of  the  land  ;  especially  if,  while  rivers  are  shaping  out 
theii'  beds,  the  upheaving  movement  be  intermittent,  so  that  long  pauses 
shall  occur,  during  which  the  stream  will  have  time  to  encroach  upon 
one  of  its  banks,  so  as  to  dear  away  and  flatten  a  large  space.     This 

*  Second  Visit  to  the  U.  S,  vol.  ii.  chjip.  34. 
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operation  being  afterwards  repeated  at  lower  levels,  there  will  be  several 
successive  clifis  and  terraces. 

Parallel  roarfs.— The  parallel  shelves,  or  roads,  as  they  have  been 
called,  of  Loehaber  or  Glen  Hoy  and  other  continuous  valleys  in  Soot- 
iand,  are  distinct  both  in  character  and  origin  from  the  terraces  above 
desciibed ;  for  they  have  no  slope  towards  the  sea  Ute  the  channel  of  a 
Hver,  nor  are  fhey  the  effect  of  denudation.  Glen  Koy  is  situated  in 
fie  western  Highlands,  about  ten  miles  north  of  Fort  WUiiam,  near  the 
western  end  of  the  great  glen  of  Seotlaad,  or  CaJedonian  Canal,  and  near 
the  foot  of  the  highest  of  the  Grampians,  Ben  Nevis.  Throughout  its 
whole  length,  a  distance  of  more  than  ten  miles,  two,  and  in  its  lower 
part  three,  parallel  roads  or  shelves  are  traced  along  the  steep  sides  of 
the  mountains,  as  represented  in  the  annexed  figure  (fig.  102),  each 
maintaining  a  perfect  horizonfahty,  and  continuing  at  esaotly  the  same 
level  on  the  opposite  sides  of  the  glen.  Seen  at  a  distance,  they  appeal- 
like  ledges  or  roads,  cut  artificially  out  of  the  sides  of  the  hills ;  but 
when  we  are  upon  them  we  can  scarcely  recognize  their  existence,  so 
iineven  is  their  surface,  and  so  covered  with  boulders.  They  are  from 
10  to  60  feet  broad,  and  merely  differ  from  the  aide  of  the  mountain  by 


On  closer  inspection,  we  find  that  these  terraces  are  stratified  in  the 
ordinary  manner  of  alluvial  or  littoral  deposits,  as  may  be  seen  at  those 
points  where  ravines  have  been  excavated  hy  torrents.  The  parallel 
shelves,  therefore,  have  not  been  caused  by  denudation,  but  by  the  depo- 
sition of  detritus,  precisely  similar  to  that  which  is  dispersed  in  smaller 
quantities  over  the  declivities  of  the  hills  above.  These  hills  consist  of 
olay-slate,  mica-schist,  and  granite,  which  rocks  have  been  worn  away 
and  laid  bare  at  a  few  points  only,  in  a  line  just  above  the  parallel  roads. 
The  highest  of  these  roads  is  about  J350  feet  above  the  level  of  the  sea, 
the  next  about  200  feet  lower  than  the  uppermost,  and  the  third  stjll 
lower  by  about  50  feet.  It  is  only  this  last,  or  the  lowest  of  the  three, 
which  is  continued  throughout  Glen  Spean,  a  large  valley  with  which 
Glen  Roy  unites.  As  the  shelves  are  always  at  the  same  height  above 
the  sea,  they  become  continually  more  elevated  above  the  river  in  pro- 
portion as  we  descend  each  valley ;  and  they  at  length  terminate  very 
abruptly,  without  any  obvious  cause,  either  in  the  shape  pi  the  ground, 
or  any  change  in  the  composition  or  hardness  of  the  rocks.  I  should 
exceed  the  hmits  of  this  work,  were  I  to  attempt  to  give  a  full  descrip- 
tion of  aE  the  geographical  droumstanees  attending  these  singiUar  tei^ 
races,  or  to  discuss  the  ingenious  theories  which  have  been  severally 
proposed  to  account  for  tiem  by  Dr.  MacCuUoch,  Sh  T.  D.  Lauder,  and 
Messre.  Darwin,  Agassiz,  Milne,  and  Chambers.  Thei-e  is  one  point, 
however,  on  which  all  are  agreed,  namely,  that  these  shelves  are  andent 
beaches,  or  littoral  formations  accumulated  round  the  edges  of  o:ie  or 
more  sheets  of  water  which  once  stood  at  the  level,  first  of  the  highest 
shelt  and  successively  at  the  height  of  the  two  others.  It  is  well  known, 
that  wherever  a  lake  or  marine  fiord  exists  surrounded  by  steep  moun- 
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tains  subject  to  disintegi'ation  by  frost  or  the  action  of  torrents,  some 
loose  matter  is  washed  down  annufilly,  especially  during  tlie  melting  of 
p,_  1^,  snow,  and  a  check  is  given  to  the  descent  of 

Afi.  ^^  detritus  at  tie  point  where  it  reaches 
the  waters  of  the  lake.  The  waves  then 
spi'ead  out  the  materials  along  the  shore,  and 
throw  some  of  tliem  upon  the  beach  ;  their 
dispersing  power  being  aided  by  the  ice, 
which  often  adheres  to  pebbles  during  the 
winter  months,  and  g^ves  buoyaaey  to  tliem. 
The  annexed  diagram  illustrates  the  manner 
B  in  which  Dr.  MacCuUbch  and  Mr.  Darwin 

^^k"'''"™^  ong.nsi  snrfiice  of     gyppogg  "  j^g  roads"  to  constitute  mere  in- 
"SiovSluo'm'iu'^rftoe'hji'"'*'^      dentations  in  a  superfidal  alluvial  coating 
which  rests  upon  the  hill-side,  and  consists 
chiefly  of  clay  and  sharp  unrounded  stones. 

Among  other  proofe  that  the  parallel  roads  have  really  been  formed 
along  the  mar^n  of  a  sheet  of  water,  it  may  be  mentioned,  that  wher- 
ever an  isolated  hill  rises  in  the  middle  of  the  glen  above  the  level  of 
any  partioulav  shel^  a  cori'esponding  shelf  »  seen  at  the  same  level 
passing  round  the  hill,  as  would  have  happened  if  it  had  once  formed  an 
island  in  a  Jake  or  fiord.  Another  very  remarkable  peculiarity  in  these 
terraces  is  this  ;  each  of  them  comes  in  some  portion  of  its  course  to  a 
col,  or  passage  between  the  heads  of  glens,  the  explanation  of  which  will 
be  considered  in  the  sequel. 

Those  writers  who  first  advocated  the  doctrine  that  the  roatls  were  the 
andent  beaches  of  freshwater  lakes,  were  unable  to  offer  any  probable 
hypothesis  respecting  the  formation  and  subsequent  removal  of  barriers 
of  sufficient  height  and  solidity  to  dam  up  the  water.  To  introduce 
any  violent  convulsion  for  their  removal  was  inconsistent  with  the  unin- 
terrupted horizontality  of  the  roads,  and  with  the  undisturbed  aspect  of 
those  parts  of  the  glens  whei'e  the  shelves  come  suddenly  to  an  end. 
Mr.  Agasaiz  and  Dr.  Buckland,  desirous,  like  the  defenders  of  the  lake 
theory,  to  account  for  the  limitation  of  the  shelves  to  certMu  glens,  and 
their  absence  in  contiguous  glens,  where  the  rocks  are  of  the  same  com- 
position, and  the  slope  and  inclination  of  the  ground  very  similar,  started 
the  conjecture  that  these  valleys  were  once  blocked  up  by  enormous  gla- 
(aers  descending  from  Ben  Nevis,  giving  rise  to  what  are  called  in  Swit- 
zerland and  in  the  Tyrol,  glacier-lakes.  After  a  time  the  icy  bamer 
was  broken  down,  or  melted,  first,  to  the  level  of  the  second,  and  after- 
wards to  that  of  the  third  road  or  shelf. 

In  corroboration  of  this  view,  they  contended  that  the  alluvium  of 
Glen  Roy,  as  well  as  of  other  parts  of  Scotland,  agrees  in  character  with 
the  moraines  of  glaciers  seen  in  the  Alpine  valle;^  of  Switzerland.  Al- 
lusion wil!  be  made  in  the  eleventh  chapter  to  the  former  existence  of 
glaciers  in  liie  Grampians :  in  the  mean  time  it  will  readily  be  concedec* 
that  this  hypothesis  is  preferable  to  any  previous  lacustrine  theory,  by 
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accoiuiiing  more  easily  for  the  temporary  existence  and  entire  disappeai'- 
anee  of  lofty  transverse  bariieis,  although  the  height  required  for  the 
imaginary  dams  of  ice  may  be  startling. 

Before  the  idea  last  alluded  to  had  been  entertained,  Mr.  Darwin  ex- 
amined Glen  Eoy,  and  came  to  the  opinion  that  the  shelves  were  formed 
whea  the  glens  were  still  arms  of  the  sea,  and,  consequeutJy,  tliat  there 
never  were  any  barriers.  According  to  him,  the  land  emerged  during  a 
slow  and  uniform  upward  movement,  lite  that  now  experienced  through- 
out a  large  part  of  Sweden  and  Finland ;  but  there  were  certain  pauses 
in  the  upheaving  process,  at  which  times  the  waters  of  the  sea  remained 
Statdouary  for  so  many  centuries  as  to  allow  of  the  accumulation  of  an 
extraordinary  quantity  of  detrital  matter,  and  the  excavation,  at  points 
immediately  above,  of  many  deep  notches  and  bare  diffs  in  the  hard 
and  solid  rock. 

The  phenomena  which  axe  most  difficult  to  reconcile  with  this  theoiy 
are,  first,  the  abrupt  cessation  of  the  roads  at  certain  points  in  the  differ- 
ent glens ;  secondly,  their  unequal  number  in  difierent  valleys  connecting 
with  each  other,  there  being  three,  for  example,  in  Glen  Roy  and  only 
one  in  Glen  Spean ;  thirdly,  the  precise  horizontelity  of  level  maintained 
by  tlie  same  shelf  over  a  space  many  leagues  in  length  requiring  us  to 
assume,  that  during  a  rise  of  1250  feet  no  one  portion  of  the  land  was 
raised  even  a  few  yards  above  another ;  fourthly,  the  coinddence  of  level 
already  alluded  to  of  each  shelf  with  a  col,  or  the  point  forming  the 
head  of  two  glens,  from  which  the  rain-waters  flow  in  opposite  directions. 
This  last-mentioned  feature  in  the  physical  geography  of  Loehaber  seems 
to  have  been  expliuned  in  a  satisfactory  manner  by  Mr.  Darwin.  He 
calls  these  cols  "  landstraits,"  and  r^ards  fhem  as  having  been  anciently 
somids  or  channels  between  islands.  He  points  out  that  there  is  a 
tendency  in  such  sounds  to  be  silted  up,  and  always  the  more  so  in  pro- 
portion to  their  narrowness.  In  a  chart  of  the  Falkland  Islands  by 
Oapt.  Sullivan,  E.  N.,  it  appears  that  ttere  are  sevei-al  examples  there  of 
strmta  where  the  soundings  diminish  regularly  towards  the  narrowest 
part.  One  is  so  nearly  dry  that  it  can  be  walked  over  at  low  water,  and 
another,  no  longer  covered  by  the  sea,  is  supposed  to  have  recently  dried, 
up  in  consequence  of  a  small  shift  in  the  relative  level  of  sea  and  land. 
"  Similar  straits,"  observes  Mr.  Chambers,  "  hovering,  in  character,  be- 
tween sea  and  land,  and  which  may  be  called  folds,  are  met  with  in  the 
Hebrides.  Sudi,  for  example,  is  the  pass^e  dividing  the  islands  of 
Lewis  and  Harris,  and  that  between  North  Uist  and  Benbecula,  both  of 
which  would  undoubtedly  appear  as  cols,  coindding  witli  a  terrace  or 
raised  beach,  all  round  the  islands,  if  the  sea  were  to  subside."* 

The  precise  horizontality  of  level  maintained  by  the  roads  or  shelves 
of  Loehaber,  ovei'  an  area  many  leagues  in  length  and  breadth,  is  a  dif- 
ficulty common  iii  some  degree  to  all  the  rival  hypotheses,  whether  of 
lakes  or  glaciers,  or  of  the  simple  upheaval  of  tlie  land  above  the  se?- 

*  "Ancient  Sea  Margins,"  p.  114,  by  R.  Chambers. 
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For  we  cannot  suppose  the  roads  to  be  more  ancient  than  the  glacial 
period,  or  file  era  of  the  houlder  foimation  of  Scotland,  of  wEiich  I  shall 
speak  in  the  eleventh  and  twelftli  chapters.  Strata  of  that  era  of  marine 
origin  containing  northern  shells  of  existing  species  have  been  found  at 
various  heights  in  Scotland,  some  on  the  east  and  others  on  the  west 
coast  from  20  to  400  feet  high ;  and  in  one  region  in  Lanarkshire  not 
less  than  524  feet  above  high-water  mai'k.  It  seems,  thei'efore,  in  tlie 
highest  degree  improbable  that  Glen  Roy  should  have  escaped  entirely 
the  upward  movement  expeiienced  in  so  many  sun'ounding  regions, — a 
movement  implied  by  the  position  of  these  mMine  deposits,  in  which 
the  shells  are  almost  all  of  kiown  recent  species.  But  if  the  motion  hie 
really  extended  to  Glen  Roy  and  the  contiguous  glens,  it  must  have  up- 
lifted them  bodily,  without  in  the  slightest  degree  affecting  their  hori- 
aontality ;  and  this  being  admitted,  the  principal  objection  to  the  theory 
of  marine  beaches,  founded  on  the  uniformity  of  upheaval,  is  removed, 
or  is  at  least  common  to  every  theory  hitherto  proposed. 

To  assume  that  the  ocean  has  gone  down  from  the  level  of  the  upper- 
most shel^  01'  1250  feet,  simultaneously  all  over  the  globe,  while  the 
land  remained  unmoved,  is  a  view  which  will  find  favor  with  very  few 
geologists,  for  the  reasons  explained  in  die  fifth  chapter. 

The  student  will  pei'ceive,  from  the  above  sketch  of  the  eontrovei'sy 
respecting  the  fonnation  of  these  curious  shelves,  that  this  problem,  like 
many  others  in  geology,  is  as  yet  only  solved  in  part ;  and  that  a  larger 
number  of  fects  must  be  collected  and  reasoned  upon  before  the  question 
can  be  finally  settled. 


CHAPTER   VIII. 

OHRONOLOOICAL    CtASSIl-IOATION    OP    BOCKS. 

Aqueous,  plutonic,  volcanic,  and  metamoi-pHc  rocks,  coanidered  cbronologically — 
Lehman's  division  into  priraitiTB  and  secondary — Werner's  addition  of  a  tran- 
sition clasB — Neptunian  theoiT — Hutton  on  igneous  origin  of  granite — How  the 
name  of  primiiry  was  still  retained  for  granite — The  temi  "  transition,"  why 
fiiulty — 'The  adherence  to  tha  old  chronolo^iil  noinanolature  retarded  the 
pTOgress  of  geology — New  hypothesis  invented  to  reconcile  the  igneous  origin 
of  granite  to  the  notion  of  its  high  antiquity — Explanation  of  the  chronological 
noroendature  adopted  in  this  wort,  so  far  as  regards  primary,  seeondary,  and 
tertiary  periods. 

In  the  first  chapter  it  was  stated  that  tlie  four  gi'eat  classes  of  rocks, 
the  aqueous,  the  voleanic,  the  plutonic,  and  the  metamorphic,  would  each 
be  considered  not  only  in  reference  to  their  mineral  character's,  and  mode 
of  ori^n,  but  also  to  their  relative  age.  The  preservation  of  the  shelves 
may  have  required,  says  Darwin,  the  quick  growth  of  green  tarf  on  a 
good  soil ;  their  abrupt  cessation  may  mark  the  place  where  the  soil  was 
barren,  and  when  a  green  sward  formed  slowly.     In  regard  to  the  aque- 
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ous  rocks,  we  have  already  seen  tbat  tliey  are  stratified,  that  some  are 
calcai-eous,  ofJiers  argillaceous  or  siheeom,  some  made  up  of  sand,  others 
of  pebbles  ;  that  some  contain  freshwater,  others  marine  fosdls,  and  so 
forth ;  but  the  student  has  still  to  leam  which  rocks,  exhibiting  some  or 
all  of  these  charactera,  have  originated  at  one  period  of  tie  earth's 
history,  and  which  at  another. 

To  determine  this  point  in  reference  to  the  foasilifdrous  formations  is 
more  easy  than  in  any  other  class,  and  it  is  therefore  the  most  convenient 
and  natural  method  to  begin  by  establishing  a  chronology  for  these  fos- 
siliferous  strata,  and  then  to  endeavor  to  refer  to  the  same  divisions,  the 
several  groups  of  plutonic,  volcanic,  and  metamorphic  rocks.  This  system 
of  classification  is  not  only  recommended  by  ite  greater  clearness  and  fa- 
cility of  appheation,  but  is  also  best  fitted  to  strike  the  ima^nation  by 
bringing  into  one  view  the  past  changes  of  the  inorganic  world,  and  the 
contemporaneous  revolutions  of  the  organic  creation.  For  the  sedimentary 
formations  of  successive  periods  are  most  readily  distinguished  by  the  dif- 
ferent species  of  fossil  animals  and  plants  which  tiiey  inclose,  and  of  which 
one  race  after  another  has  flourished  and  then  disappeared  from  the  earth. 
But  before  entering  specially  on  the  subdivisions  of  the  aqueous  rocks 
arranged  according  to  the  order  of  time,  it  wll  be  desirable  to  say  a  few 
words  on  the  chronology  of  rocks  in  general,  although  m  doing  so  we 
shall  be  unavoidably  led  to  allude  to  some  classes  of  phenomena  which 
the  beginner  must  not  yet  expect  fully  to  comprehend. 

It  was  for  many  years  a  received  opinion,  that  the  formation  of  entire 
femiliea  of  rocks,  such  as  the  plutonic  and  those  crystalline  schists  spoken 
of  in  the  first  chapter  as  metamorphic,  began  and  ended  before  any 
members  of  the  aqueous  and  rolcanic  orders  were  produced ;  and  al- 
though this  idea  has  long  been  modified,  and  is  nearly  exploded,  it  will 
be  necessary  to  give  some  account  of  the  ancient  docbdne,  in  order  that 
beginners  may  understMid  whence  many  prevaiUng  opinions,  and  some 
part  of  the  nomenclature  of  geology,  still  partially  in  use,  was  derived. 

About  the  middle  of  the  last  century,  Lehman,  a  German  miner,  pro- 
posed to  divide  rocks  into  three  classes,  the  first  and  oldest  to  be  called 
primitive,  comprising  the  hypogene,  or  plutonic  and  metamorphic  rocks ; 
the  next  to  be  termed  secondary,  comprehending  (he  aqueous  or  fossilif- 
erous  strata ;  and  the  remainder,  or  third  class,  corresponding  to  our 
alluvium,  ancient  and  modem,  which  he  referred  to  "  local  floods,  and 
the  deluge  of  Noah."  In  the  primitive  class,  he  said,  such  as  granite 
and  gneiss,  there  are  no  organic  remains,  nor  any  signs  of  materials  de- 
rived from  the  ruins  of  pre-existing  lyxska,  Their  origin,  therefore,  may 
have  been  purely  chemical,  antecedent  to  the  creation  of  living  beings, 
and  probably  coeval  with  the  birth  of  the  worid  iteelf.  The  secondary 
formations,  on  the  contrary,  which  often  contain  sand,  pebbles,  and  or- 
ganic remains,  must  have  been  mechanical  deposits,  produced  after  the 
planet  had  become  the  habitation  of  animals  and  plants.  This  bold 
generalization,  although  anticipated  in  some  measure  by  Steno,  a  century 
before,  in  Italy,  formed  at  the  time  an  important  step  in  the  progre^  of 
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geology,  and  sketclied  out  coirectly  some  of  tlie  leading  divisions  into 
whick  rocks  may  ha  Beparated.  About  half  a  centnry  later,  Wemei',  so 
justly  celeljtated  for  his  improved  methods  of  discriminating  the  minera- 
logical  characters  of  rocks,  attempted  to  improve  Lehman's  cl^sificalion, 
and  with  this  view  intei-calated  a  class,  called  by  him  "  the  transition 
formations,"  hetween  the  primitive  and  secondary.  Between  th^e  last 
he  had  discovered,  in  northern  Germany,  a  series  of  strata,  which  in  their 
minei'al  peculiarities  were  of  an  int«rmediat«  chai'acter,  paitaking  in 
some  degree  of  the  crystalhne  nature  of  micaceous  sehist  and  clay-slate, 
ajid  yet  exhibiting  here  and  there  signs  of  a  mechanical  origin  and  or- 
'ganic  remains.  For  this  group,  thei'efore,  forming  a  parage  between 
Lehman's  primitive  and  secondary  rooks,  the  name  of  ^iergang  or  ti'ansi- 
lion  was  proposed.  They  consisted  principally  of  clay-slate  and  an  ar- 
gillaceous sandstone,  called  grauwacke,  and  partly  of  calcareous  beds. 
It  happened  in  the  district  which  Werner  first  investigated,  that  both  the 
primitive  and  transition  strata  were  highly  inclined,  while  the  beds  of 
the  newer  fossiliferous  rocks,  the  secondary  of  Lehman,  were  horizontal. 
To  these  latter,  therefore,  he  gave  the  name  of  fi6tz,  or  "  a  level  floor ;" 
and  eveiy  deposit  more  modem  than  the  chalk,  which  was  classed  as  the 
uppermost  of  the  fl6tz  seri^  was  designated  "  the  overflowed  land,"  an 
expression  which  may  be  regarded  as  equivalent  to  alluvium,  although 
under  this  appellation  were  confounded  all  the  strata  afterwards  called 
tertiary,  of  which  Werner  had  scarcely  any  knowledge.  As  the  followers 
of  Wemei'  soon  discoveied  that  the  inclined  position  of  the  "  transition 
beds,"  and  the  horizontality  of  the  flOtz,  or  newer  fossihferous  strata, 
were  mere  local  acddents,  they  soon  abandoned  the  term  fliStz ;  and  the 
four  diviaons  of  the  Wernerian  school  wei'e  then  named  primitive, 
transition,  secondary,  and  alluvial. 

As  to  the  trappean  rocks,  although  tJieii  igneous  ori^n  had  been 
already  demonstrated  by  Arduino,  Fortis,  Faujas,  and  othei's,  and  espe- 
cially by  Desmarest,  they  were  all  regarded  by  Werner  as  aqueous,  and 
as  mere  subordinate  membeis  of  the  secondary  series.* 

This  theoiy  of  Werner's  was  called  the  "  Neptunian,"  and  for  many 
years  enjoyed  much  popularity.  It  assumed  that  the  globe  had  been  at 
first  invested  by  a  universal  chaotic  ocean,  holding  the  materials  of  ail 
rocks  in  solution.  From  the  waters  of  this  ocean,  granite,  gneiss,  and 
other  crystalline  foimations,  were  first  precipitated ;  and  afterwards,  when 
the  waters  were  purged  of  these  ingredients,  and  more  nearly  resembled 
those  of  our .  actual  seas,  the  transition  strata  were  deposited.  These 
ivere  of  a  mixed  character,  not  purely  chemical,  because  the  waves  and 
currents  had  already  begim  to  wear  down  solid  land,  and  to  give  lise  to 
pebbles,  sand,  and  mud ;  nor  entirely  without  fossils,  because  a  few  of 
the  first  marine  animals  had  begun  to  exist.  After  this  period,  the  sec- 
ondary formations  were  aecumuSated  in  waters  resembling  those  of  the 
present  ocean,  except  at  certain  intervals,  when,  from  causes  wholly  un- 

*  Sue  PriuciploB,  vol  i.  chap  iv. 
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explained,  a  partial  recurrence  of  tte  "  diaotic  fluid"  took  place,  during 
■which  vaiious  trap  rooka,  some  highly  ciyatalline,  were  formed.  This 
arbitrary  hypothesis  rejected  all  intervention  of  igneous  agency,  volcanoes 
being  regarded  as  modern,  partial,  and  superficial  accidents,  of  trilling 
account  among  the  great  causes  whidi  have  modified  the  external  struc- 
ture of  the  globe. 

Meanwhile  Eutton,  a  contemporary  of  Werner,  began  to  teach,  in 
Scotland,  that  granite  as  well  as  trap  was  of  igneous  oiigin,  and  had  at 
varioas  periods  intruded  itsdf  in  a  fluid  state  into  different  parts  of  the 
earth's  crust.  He  recognized  and  fsithfully  described  many  of  the  phe- 
nomena of  granitic  Yeins,  and  the  alterations  produced  by  them  on  the 
invaded  strata,  which  will  be  treated  of  in  the  thirty-second  chapter. 
He,  moreover,  advanced  the  opinion,  tliat  the  crystalline  strata  called 
primitive  had  not  been  precipitated  fram  a  primaeval  ocean,  but  were 
sedimentary  strata  altered  by  heat  In  his  writings,  tiei'efore,  and  in 
those  of  his  illustrator,  Playfair,  we  find  the  germ  of  that  metamorphic 
theory  which  has  been  already  hinted  at  in  the  first  chapter,  and  which 
will  be  more  fully  expounded  in  the  thirty-fourth  and  thirty-fifth  chapters. 

At  length,  after  much  controvei'sy,  the  doctrine  of  the  igneous  origin 
of  trap  and  granite  made  its  way  into  general  favor ;  but  although  it 
was,  in  consequence,  admitted  that  both  granite  and  trap  had  been  pro- 
duced at  many  successive  peiiods,  the  term  primitive  or  primary  still 
continued  to  be  applied  to  tlie  crystalline  formations  in  general,  whether 
stratified,  like  gneiss,  or  nnstratified,  like  granite.  The  pupil  was  told 
that  granite  was  a  primary  rock,  but  that  some  granites  were  newer  than 
certMn  secondary  fonaations  ;  and  in  conformity  with  the  spirit  of  the 
ancient  language,  to  which  the  teacher  was  still  determined  to  adhere,  a 
desire  was  naturally  engendered  of  extenuating  the  importance  of  those 
more  modem  granites,  the  true  dates  of  which  new  observations  were 
continually  bringing  to  light. 

A  no  leas  decided  inclination  was  shown  to  persist  in  the  use  of  the 
term  "  transition,"  after  it  had  been  proved  to  be  almost  as  faulty  in  its 
original  application  as  that  of  fl5tz.  The  name  of  transition,  as  already 
stated,  was  first  given  by  Werner,  to  designate  a  mineral  character,  in- 
termediate between  the  highly  ciystalline  or  metamorphic  state  and  that 
of  an  ordinary  fossiliferous  rock.  But  the  term  acquired  also  fi'om  the 
first  a  chronolo^cal  import,  because  it  had  been  appropriated  to  sedi- 
mentaiy  formations,  which,  ,in  the  Hartz  and  other  parts  of  Germany, 
were  more  ancient  than  the  oldest  of  the  secondary  series,  and  were 
characterized  by  peculiar  fossil  zoophyte  and  shells.  When,  therefore, 
geologists  found  in  other  districts  stratified  rocks  occupying  the  same  po- 
sition, and  inclosing  similar  fossils,  they  gave  to  them  also  the  name  of 
transition,  according  to  rules  which  will  be  explained  in  the  next  chapter ; 
yet,  in  many  cases,  such  rocks  were  found  not  to  exhibit  the  same  min- 
erd  texture  which  Werner  had  called  transition.  On  the  contrary,  many 
of  them  were  not  more  crystalline  than  different  membei's  of  the  second- 
ary class ;  while,  on  the  other  hand,  these  last  were  sometimes  found  to 


-=b,Google 


Off.  VUL]  CHASGES  OF  NOMENCLATUEE.  wd 

assume  a  semi-crystalline  and  almost  metamoifhic  aspect,  and  thus,  on 
litiiolo^cal  grounds,  to  deserve  eijually  flie  name  of  transition.  So  re- 
markably was  tiiis  tlie  case  in  the  Swiss  Alps,  that  certain  rocks,  which 
had  for  yeaia  been  regarded  by  some  of  the  most  skil&l  disciples  of 
Werner  to  be  transition,  were  at  last  acknowledged,  when  their  relative 
position  and  fossils  were  better  umdei'stood,  fo  belong  to  the  newest  of 
the  secondary  groups  ;  nay,  some  of  them  have  actually  been  discovered 
to  be  members  of  the  lower  tei-tjary  series !  I^  under  such  circum- 
stances, the  name  of  transition  was  i-etained,  it  is  clear  that  it  ought  to 
have  been  applied  without  reference  to  the  age  of  strata,  and  simply  as 
expre^ive  of  a  mineral  peculiarity.  The  contanued  appropriation  of  the 
term  to  formations  of  a  given  date,  induced  geologists  to  go  on  believing 
that  the  ancient  strata  so  designated  bore  a  less  resemblance  to  tlie  sec- 
ondary than  is  really  the  case,  and  to  imagine  that  these  last  never  pass, 
as  they  frequently  do,  into  metamorphic  rocks. 

The  poet  Wallei',  when  lamenting  over  the  antiquated  style  of  Chaucei-, 
complains  that^ 


We  write  in  sand,  our  language  grows, 
And,  like  tlie  tide,  our  work  o'erflows. 

But  the  reverse  is  true  in  geology ;  for  here  it  is  our  work  which  contin- 
ually outgro^vs  the  language.  The  tide  of  observation  advances  with 
such  speed  that  improvements  in  theory  outrun  tiie  changes  of  nomen- 
clature ;  and  tlie  attempt  to  iueoleate  new  truths  by  words  invented  to 
to  express  a  different  or  opposite  opinion,  tends  constantly,  by  the  force 
of  assodation,  to  perpetuate  error ;  so  that  dogmas  renounced  by  tiie 
reason  still  ret^n  a  strong  hold  upon  the  ima^nation. 

In  order  to  reeondle  the  old  chronological  views  with  the  new  doctrine 
of  the  igneous  origin  of  gi'anite,  the  following  hypothesis  was  substi- 
tuted for  that  of  the  Neptunists.  Instead  of  be^nning  with  an  aqueous 
menstruum  or  chaotic  fluid,  the  materials  of  the  present  cruet  of  the 
earth  were  supposed  to  have  been  at  first  in  a  state  of  igneous  fusion, 
until  part  of  the  heat  having  been  difi'used  into  surrounding  space,  the 
surface  of  (he  fluid  consolidated,  and  formed  a  crust  of  granite.  This 
covering  of  crystalline  stone,  which  afterwards  grew  tiiicker  and  thicker 
as  it  cooled,  was  so  hot,  at  first,  that  no  water  could  exist  upon  it ;  but 
as  the  refrigeration  proceeded,  the  aqueous  vapor  in  the  atmosphere  was 
condensed,  and,  falling  in  rain,  gave  rise  to  the  first  thermal  ocean.  So 
high  was  the  temperature  of  this  boihng  sea,  that  no  aquatic  bemgs 
could  inhabit  its  waters,  and  its  deposits  were  not  only  devoid  of  fossils, 
but,  like  those  of  some  hot  springs,  were  highly  crystalline.  Hence  tiie 
origin  of  the  primaiy  or  crystalhne  strata, — gneiss,  mica-schist,  and  the 
rest. 

Afterwards,  when  the  granitic  <n>ust  had  been  partially  broken  up, 
land  and  mountains  began  to  rise  above  the  waters,  and  rdns  and  tor- 
rents ground  down  rock,  so  that  sediment  was  spread  over  the  bottom 
of  the  seas.     Yet  the  heat  still  remaining  in  the  sohd  supporting  sub- 
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Stances  was  sufficient  to  inci'eaae  the  chemical  action  exerted  by  the 
water,  although  not  so  mfense  as  to  prevent  the  introtluction  and  in- 
crease of  some  Jiving  beings.  During  this  state  of  things  some  of  the 
residuMy  mineral  ingredients  of  the  pnimeval  ocean  were  predpitated, 
and  formed  deposits  (the  transition  strata' of  Werner),  half  chemical  and 
half  mechanical,  and  containing  a  few  fc«ails. 

By  this  new  theory,  which  was  in  part  a  revival  of  the  doctrine  of 
Leibnitz,  pubhshed  in  1680,  on  the  igneous  origin  of  the  planet,  the  old 
ideas  respecting  the  priority  of  all  crystalline  roots  to  the  ci'eation  of 
organic  beings,  were  still  preserved ;  and  the  mistaken  notion  that  all 
the  semi-ciystalline  and  partially  fossiliferous  rooks  belonged  to  one  pe- 
riod, while  all  the  earijiy  and  uncrystalline  formations  originated  at  a 
subsequent  epoch,  was  also  perpetuated. 

It  may  or  may  not  be  true,  as  the  great  Leibnita  imagined,  that  the 
whole  planet  was  once  in  a  state  of  liquefaction  by  heat ;  but  there  are 
certainly  no  geological  proofe  that  the  granite  which  constitutes  the 
foundation  of  so  much  of  the  earth's  crust  was  ever  at  once  in  a  state  of 
universal  fusion.  On  the  contrary,  all  our  evidence  tends  to  show  that 
the  formation  of  granite,  Jike  the  deposition  of  the  stratified  rocks,  has 
been  successive,  and  that  different  portions  of  granif*  have  been  in  a 
melted  state  at  distinct  and  often  distant  periods.  One  mass  was  solid, 
and  had  been  fractured,  before  another  body  of  gi'anitic  matter  was  in- 
jected into  it,  or  through  it,  in  the  form  of  vems.  Some  granites  aie 
more  ancient  than  any  known  fossiliferous  rocks ;  others  are  of  seeond- 
aiy  ;  and  some,  such  as  that  of  Mont  Bianc  and  part  of  the  centi'al  aais 
of  the  Alps,  of  tertiary  origin.  In  short,  the  univewal  fluidity  of  the 
erystalline  foundations  of  the  earth's  crust,  can  only  be  understood  in 
the  same  sense  as  the  univereality  of  the  ancient  ocean.  All  the  land 
has  been  under  water,  but  not  all  at  one  time  ;  so  all  the  snbt«ri'anean 
unstratdfied  rocks  to  which  man  can  obtain  access  have  been  melted,  but 
not  simultaneously. 

In  the  present  work  the  four  great  classes  of  rocka,  the  aqueous,  plu- 
tonic,  volcanic,  and  metamorphic,  will  form  Tour  pai'allel,  or  nearly  par- 
allel, coJumna  in  one  chronological  table.  They  will  be  considered  as 
four  sets  of  monuments  relating  to  four  contemporaneous,  or  nearly  con- 
temporaneous, series  of  events,  I  shall  endeavor,  in  a  subsequent  chapter 
on  the  plutonie  rocfe,  to  espliun  the  manner  in  which  certain  masses 
belonging  to  each  of  the  four  classes  of  rocks  may  have  originated 
simultaneously  at  every  geological  period,  and  how  the  earth's  crust  may 
have  been  continually  remodelled,  above  and  below,  by  aqueous  and  ig- 
neous causes,  from  times  indefinitely  remote.  In  the  same  manner  as 
aqueous  and  fossiliferous  strata  are  now  foimed  in  certain  seas  or  lakes, 
while  in  other  places  volcanic  rocks  break  out  at  the  surface,  and  are 
connected  with  reservoirs  of  melted  matter  at  vast  depths  in  the  bowels 
of  the  earth,-— so,  at  every  era  of  the  past,  fossiliferous  deposit  and  su- 
perficial igneous  rocks  were  in  progress  contemporaneously  with  others 
of  subterranean  and  plutonie  origin,  and  some  sedimentary  strata  were 
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exposed  to  heat  and  made  to  assume  a  erptalline  or  motamoi'jDhic 
structure. 

It  can  by  no  means  bo  taken  for  granted,  that  during  all  tJiese  elianges 
the  aoiid  crust  of  the  earth  has  been  increasing  in  thickness.  It  has 
been  aho^yn,  that  so  far  as  aqueous  action  is  concerned,  the  gain  by  fresh 
deposits,  and  the  loss  by  denudation,  must  at  each  period  have  been 
equal  (see  above,  p.  68) :  and  in  like  manner,  in  tlie  inferior  portion  of 
the  carfli's  crust,  the  acquisition  of  new  crystaJhne  rocks,  at  each  suc- 
cessive ei'a,  may  merely  have  counterbalanced  the  loss  sustained  by  the 
melting  of  materials  previously  eonsohdated.  As  to  the  relative  an- 
tiquity of  the  crystalline  foundations  of  llie  eailh's  crust,  when  compared 
to  the  fossiliferous  and  volcanic  rocks  which  they  support,  I  have  already 
stated,  in  the  first  chapter,  that  to  pronounce  an  opinion  on  this  matlflr 
is  as  difficult  as  at  once  to  dedde  which  of  the  two,  whether  the  founda- 
tions or  superstructure  of  an  andent  city  built  on  wooden  piles,  may  be 
the  oldest.  We  have  seen  that,  to  answer  this  question,  we  must  first 
be  prepared  to  say  whether  the  work  of  decay  and  restoration  had  gone 
on  most  rapidly  above  or  below,  whether  the  average  duration  of  the 
piles  has  exceeded  tliat  of  the  stone  building,  or  the  conti'ary.  So 
also  in  regard  to  the  relative  age  of  the  superior  and  inferior  portions 
of  the  earth's  ci'ust ;  we  cannot  hazard  even  a  conjeotm'e  on  this  point, 
until  we  know  whether,  upon  an  average,  the  power  of  water  above,  or 
that  of  heatTjelow,  is  moat  efficacious  in  giving  new  fonns  to  solid 
matter'. 

After  the  obseiTations  which  have  now  been  made,  the  reader  will 
perceive  that  the  term  primary  must  either  be  entirely  renounced,  or,  if 
retained,  must  be  diflerently  defined,  and  not  made  to  designate  a  set  of 
crystalline  rocks,  some  of  which  are  already  ascertamed  to  be  newer  than 
all  the  secondary  formations.  In  this  work  I  shafl  follow  most  nearly 
tlie  method  proposed  by  Mr,  Bone,  wlio  has  called  ah  fossiliferous  rocks 
older  than  the  secondary  by  the  name  of  primary.  To  prevent  confu- 
sion, however,  I  shall  always  speak  of  these,  when  they  are  of  the  aque- 
ous class,  as  the  primary  fosdlifm-oiia  formations,  beeanse  the  word 
primary  has  hitherto  been  almost  inseparably  connected  with  the  idea  of 
a  non-fossiliferoua  rock. 

If  we  can  prove  any  plutonic,  volcanic,  or  metamorphic  rocks  to  be 
older  than  the  secondary  formations,  such  rocks  will  also  be  primarj-, 
according  to  this  system.  Mr,  Bou6,  having  with  great  propriety  ex- 
cluded the  metamorphic  rocks,  as  a  class,  fi'om  tbe  primary  formations, 
proposed  to  call  them  all  "  crystalline  schists." 

As  there  are  secondaiy  fosailiferove  strata,  so  we  shall  find  that  there 
are  plutonic,  volcanic,  and  metamorphic  rocks  of  contemporaneous  or- 
igin, which  I  shall  also  term  secondary. 

In  the  next  chapter  it  will  be  shown  that  the  strata  above  the  chaUc 
have  been  called  tertiary.  li^  therefore,  we  discover  any  volcanic,  plu- 
tonic, or  metamorphic  rocks,  which  have  originated  since  the  deposition 
of  the  clialk,  these  also  will  rank  as  tertiaiy  fonnations. 
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It  may  perhaps  be  suggested  that  some  metamoiphic  strata,  and  some 
granites,  may  he  anterior  in  date  to  the  oldest  of  (he  primaiy  fossilifei- 
ous  rocts.  This  opinion  is  donbtless  true,  and  will  be  discussed  in  future 
eiiapt«rs ;  but  I  may  here  observe,  that  when  we  arrange  the  four  classes 
of  roclfs  in  ibiir  parallel  columns  in  one  table  of  chronology,  it  is  by  no 
means  assmned  that  these  columns  are  all  of  equal  length ;  one  may 
begin  at  an  earlier  period  than  the  rest,  and  another  may  come  doivn  to 
a  later  point  of  time.  In  the  small  part  of  the  globe  hitherto  examined, 
it  is  hardly  to  be  expected  that  we  should  have  discovered  either  the 
oldest  or  the  newest  members  of  each  of  the  four  classes  of  roels.  Thus, 
if  there  he  primaiy,  secondary,  and  tertdaj-y  rocks  of  the  aqueons  or  foa- 
siliferons  class,  and  in  like  manner  primary,  secondary,  and  tertiary  hypo- 
gene  formations,  we  may  not  be  yet  acquainted  with  the  most  andent  of 
the  primary  fossiliferous  heds,  or  with  tiie  newest  of  the  hypogene. 


CHAPTER   IX. 


On  the  thiea  principal  tests  of  lelative  age — Superposition,  mineral  character, 
and  fossils — Change  of  mineral  character  and  fossils  in  the  same  continuous 
formation — Proofs  that  tlistinut  species  of  animals  and  plants  have  lived  a.t  sue- 
ceseive  periods— Distinct  provinces  of  indigenous  species — Great  extent  of 
single  provinces — Similar  laws  prevailed  at  successive  geological  periods — 
Eektive  unportanoe  of  mineral  and  paloeontologicul  characters — Test  of  age  by 
included  fragments — Freqaent  absence  of  strata  of  intei-veiiing  periods — Prin- 
cipal groQps  of  strata  iu  western  Europe. 

In  tlie  last  chapter  I  spoke  generally  of  the  oiiTOnological  relations  of 
the  four  gi'eat  classes  of  rocks,  and  I  shall  now  treat  of  the  aqueons  rocks 
in  particular,  or  of  the  successive  periods  at  which  the  different  fossilif- 
erous formations  have  been  deposited. 

There  are  three  principal  tests  by  which  we  detennine  the  age  of  a 
g^ven  set  of  strata;  first,  superposition;  secondly,  mineral  character; 
and,  tiiirdly,  organic  remains.  Some  aid  can  occasionally  be  derived 
from  a  fourth  kdnd  of  proof,  namely,  the  fcict  of  one  deposit  including  in 
it  fragments  of  a  pre-exisring  rock,  by  which  the  relative  ages  of  the  two 
may,  even  in  the  absence  of  all  other  evidence,  be  determined. 

Superposition. — The  first  and  principal  lest  of  the  age  of  one  aqueous 
deposit,  as  compared  to  another,  is  relative  position.  It  has  been  already 
stated,  that  where  strata  are  horizontal,  the  bed  which  lies  uppermost  is 
the  newest  of  the  whole,  and  that  which  lies  at  the  bottom  the  most 
ancient.  So,  of  a  series  of  sedimentary  formations,  they  arc  like  vol- 
umes of  history,  in  which  each  writer  has  ri-c"i'doil  the  annals  of  his  own 
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times,  and  then  laid  down  the  book,  ivith  tlie  last  written  page  upper- 
most, upon  the  volume  in  which  the  events  of  the  era  immediately  pre- 
ceding were  commemorated.  In  this  manner  a  lofty  pile  of  chronides 
is  at  length  acenmulated ;  and  they  are  so  arranged  as  to  indicate,  by 
their  position  alone,  the  order  in  which  the  events  recoiiied  in  them  have 
occurred. 

Ill  regard  to  the  ci'ust  of  the  earth,  however,  thei'C  are  some  re^ons 
where,,  as  the  student  has  already  been  informed,  the  beds  have  been  dis- 
turbed, and  sometimes  extensively  thrown  over  and  turned  upside  down. 
(See  pp.  58,  59.)  But  an  experienced  geologist  can  rarely  be  deceived 
by  these  exceptional  cases.  When  he  finds  that  the  strata  are  fractured, 
curved,  inclined,  or  vertical,  he  knows  that  the  original  order  of  superpo- 
sition must  be  dotibtful,  and  he  then  endeavors  to  find  sections  in  some 
neighboring  district  where  the  sti'ata  are  horizontal,  or  only  slightly  in- 
clined. Here  the  tine  order  of  sequence  of  the  entire  series  of  deposits 
being  ascertained,  a  key  is  furnished  for  settling  the  chronology  of  those 
strata  where  the  displacement  is  extreme. 

Mineral  character. — The  same  rocks  may  often  be  observed  to  retain 
for  miles,  or  even  hundreds  of  miles,  the  same  mineral  peculiaiities,  if 
we  foHow  the  planes  of  stratification,  or  trace  the  beds,  if  they  be  undis- 
turbed, in  a  horizontal  direction.  But  if  we  pursue  them  vertically,  or 
in  any  direction  transverse  to  the  planes  of  stratification,  this  imiformity 
ceases  almost  immediately.  In  that  ease  we  can  scarcely  ever  penetrat* 
a  stratified  mass  for  a  few  hundred  yards  withont  beholding  a  succession 
of  extremely  dissimilar,  calcareous,  ar^llaceous,  and  siliceous  rocks. 
These  phenomena  lead  to  the  conclusion,  that  rivers  and  currents  have 
dispersed  the  same  sediment  over  wide  areas  at  one  period,  bnt  at  suc- 
cessive periods  have  been  charged,  in  the  same  r^on,  with  very  different 
lands  of  matter.  The  first  observers  were  so  astonished  at  the  vast 
spaces  over  which  they  were  able  to  foUow  the  same  homogeneous  rocks 
in  a  horizontal  direction,  that  they  came  hastily  (o  the  opinion,  that  the 
whole  globe  had  been  environed  by  a  succession  of  distinct  aqueous 
formations,  disposed  round  the  nucleus  of  the  planet,  like  the  concentric 
coats  of  an  onion.  But  although,  in  fact,  some  fonnations  may  be  con- 
tinuous over  districts  as  large  as  half  of  Europe,  or  even  more,  yet  most 
of  them  either  terminate  wholly  within  narrower  limits,  or  soon  change 
their  lithological  character.  Sometimes  they  thin  out  gi'adnally,  as  if 
the  supply  of  sediment  had  iailed  in  that  direction,  or  they  come  ab- 
uptiy  to  an,  end,  as  if  we  had  arrived  at  the  borders  of  the  ancient  sea 

lake  wh  h  served  as  their  receptacle.  It  no  less  frequenUy  happens 
that  tJ  y  a  y  in  mineral  aspect  and  composition,  as  we  pursue  them 
I  zont  Uy  For  example,  we  trace  a  limestone  for  a  hundred  miles, 
nf  1  t  be  mes  more  arenaceous,  and  finally  passes  into  sand,  or  sand- 
ton  W  may  then  follow  this  sandstone,  ali^ady  proved  by  its  con- 
t  ty  t  be  of  the  same  age,  throughout  another  district  a  hundred 
n  1     o  mo     in  length. 

0  gan       mains. — This  character  must  be  used  as  a  criterion  of  the 
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age  of  a  foimatioii,  or  of  tlie  contemporaneous  origin  of  two  deposits  in 
distant  places,  under  very  mucli  the  same  restrictions  as  tJie  test  of  min- 
eral composition. 

Firet,  the  same  fossils  may  be  traced  over  wide  regions,  if  we  esamine 
strata  in  the  direction  of  their  planes,  although  hy  no  means  for  indefi- 
nite distances. 

Secondly,  while  the  same  fossOs  prevail  in  a  particular  set  of  sti'ata 
for  hundreds  of  miles  in  a  horizontal  du'ection,  we  seldom  meet  witli  the 
same  remains  for  many  fathoms,  and  very  rarely  for-  several  hundred 
yards,  in  a  vertical  line,  or  a  Une  transverse  to  the  strata.  This  fact  has 
now  been  verified  in  almost  a!!  parts  of  the  globe,  and  has  led  to  a  con- 
viction, that  at  successive  periods  of  the  past,  the  same  area  of  land  and 
watei'  has  been  inhabited  by  species  of  animals  and  plants  even  more 
distinct  than  those  which  now  people  the  antipodes,  or  which  now  co- 
exist in  the  arctic,  temperate,  and  tropical  zones.  It  appears,  that  from 
the  remotest  periods  there  has  been  ever  a  coming  ia  of  new  organic 
forms,  and  an  extinction  of  those  which  pre-existed  on  the  earth ;  some 
species  having  endm^d  for  a  longer,  others  for  a  shorter,  time ;  while 
none  have  ever  reappeared  after  once  dying  out  The  law  which  has 
governed  the  creation  and  extinction  of  species  seems  to  be  e 


Ifatura  il  fece,  e  poi  ruppe  la  atanipa.        Akiosto. 
Nature  made  him,  and  tlien  broke  the  diu. 

And  this  drcnmstance  it  is  which  confers  on  fossils  their  highest  value  as 
chronological  testa,  giving  to  each  of  them,  in  the  eyes  of  the  geologist, 
that  authority  which  belongs  to  contemporary  medals  in  history. 

The  same  cannot  be  said  of  each  peculiar  variety  of  roci  ;  for  some 
of  these,  as  red  marl  and  red  sandstone,  for  example,  may  occur  at  once 
at  the  top,  bottom,  and  middle  of  the  entire  sedimentary  series ;  exhib- 
iting in  each  position  so  perfect  an  identity  of  mineral  aspect  as  to  he 
undisfinguishable.  Such  exact  repetitions,  however,  of  the  same  mix- 
tures of  sediment  have  not  often  been  produced,  at  distant  periods,  in 
precisely  the  same  parts  of  the  globe ;  and  even  where  this  has  hap- 
pened, we  are  seldom  in  any  danger  of  confounding  together  the  monu- 
ments of  remote  eras,  when  we  have  studied  their  imbedded  fossils  and 
relative  position. 

It  was  remarked  that  the  same  species  of  organic  remains  cannot  be 
traced  horizontally,  or  in  the  direction  of  the  planes  of  stratification  for 
indefinite  distances.  This  might  have  been  expected  from  analogy ;  for 
when  we  inquire  into  the  present  distribution  of  living  beings,  we  find 
that  the  habitable  surface  of  tiie  sea  and  land  may  be  divided  into  a 
considerable  number  of  distinct  provinces,  each  peopled  by  a  peculiar 
assemblage  of  animals  and  plants.  In  the  Principles  of  Geology,  I  have 
endeavored  to  point  out  the  extent  and  probable  origin  of  these  separate 
divisions  ;  and  it  was  showa  that  climate  is  only  one  of  many  causes  on 
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which  they  depend,  and  that  difference  of  longitude  as  well  as  latitude  is 
generally  accompanied  by  a  dissimilarity  of  indigenous  speciea. 

As  different  seas,  therefore,  and  lakes  are  inhabited  at  tJie  same  period, 
by  different  aquatic  animals  and  plants,  and  as  the  lands  adjoining  these 
may  he  peopled  by  distinct  tewestrial  species,  it  follows  that  distinct  fossils 
will  be  imbedded  in  contemporaneous  deposits.  If  it  were  otherwise — if 
the  same  species  abounded  in  every  climate,  or  in  every  part  of  the  globe 
where,  so  fer  as  we  can  discover,  a  corresponding  temperature  and  other 
conditions  favorable  to  tbeir  existence  ai*  found — the  identification  of 
mineral  masses  of  the  same  age,  by  means  of  their  included  organic 
contents,  would  be  a  matter  of  still  greater'  certainty. 

Ifevertheless,  the  eKt«nt  of  some  single  zoological  provinces,  especially 
those  of  marine  animals,  is  very  great ;  and  our  geological  researches 
have  proved  that  the  same  laws  prevmled  at  remote  periods ;  for 
3  often  identical  throughout  wide  spaces,  and  in  a  great 
d  deposits,  iu  which  the  mineral  nature  of  the  rocks 


3  laid  down  will  be  more  readily  understood,  if  we 
ig  on  in  the  Mediterranean.  That  entire  sea 
e  zoological  province ;  for,  although  certain 
species  of  testacea  and  zoophytes  may  be  very  local,  and  each  re^on  has 
probably  some  species  pecuHai'  to  it,  still  a  considerable  number  are  com- 
mon to  the  whole  Mediterranean.  If,  therefore,  at  some  future  period, 
the  bed  of  this  inland  sea  should  be  converted  into  land,  the  geologist 
might  be  enabled,  by  reference  to  organic  remains,  to  prove  the  contem- 
poraneous ori^n  of  various  mineral  masses  scattered  over  a  space  equal 
in  area  to  the  half  of  Europe. 

Depoaita,  for  example,  are  well  Icnown  to  be  now  in  progress  in  this 
sea  in  the  deltas  of  the  Po,  Rhone,  Nile,  and  other  rivers,  which  differ 
as  greatly  from  each  other  in  the  nature  of  their  sediment  as  does  the 
composition  of  the  mountains  which  they  drain.  There  are  also  other 
quarters  of  the  Mediterranean,  as  off  the  coast  of  Campania,  or  near  the 
base  of  Etna,  in  Sicily,  or  in  the  Gredan  Archipelago,  where  another 
class  of  rocks  is  now  forming ;  where  showers  of  volcanic  ashes  occa- 
sionally fall  into  the  sea,  and  streams  of  lava  oveiflow  its  bottom  ;  and 
where,  in  the  intervals  between  volcanic  eruptions,  beds  of  sand  and  day 
.are  frequently  derived  from  the  waste  of  clif6,  or  the  turbid  waters  of 
rivers.  Limestones,  moreover,  such  as  the  Italian  travertins,  are  here 
and  there  pi'ecipitated  from  the  waters  of  mineral  springs,  some  of  which 
rise  up  from  the  bottom  of  the  sea.  In  all  these  detached  formations, 
so  diversified  in  their  lithological  characters,  the  remains  of  the  same 
shells,  corals,  emstacea,  and  fi^  aie  becoming  inclosed ;  or,  at  least,  a 
suffident  number  must  be  common  to  the  different  locafities  to  enable  the 
zoolo^t  to  refer  them  all  to  one  contemporaneous  assemblage  of 
spedos. 

There  are,  however,  certain  combinations  of  geographical  ciicum- 
stances  which  cause  distinct  provinces  of  animals  and  plants  to  bo  sepa- 
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rated  from  each  other  by  very  narrow  Hmits ;  and  hence  it  mnst  hannen. 
that  strata  will  be  sometimes  fonned  in  contiguous  re^oiis,  d 
widely  both  in  mineral  contents  and  organic  remains.  Thus,  for  e: 
pie,  the  testacea,  zoophytes,  and  fish  of  the  Red  Sea  are,  as  a  group,  ex- 
tremely distinct  from  those  inhabiting  the  adjoining  parts  of  the  Mediter- 
ranean, although  the  two  seas  are  sepai'ated  only  by  the  narrow  istlimus 
of  Suez.  Of  the  bivalve  shells,  according  to  PMlippi,  not  more  than  a 
fifth  are  common  to  the  Red  Sea  and  the  sea  around  Sicily,  while  the 
proportion  of  univalves  (or  tfasteropoda)  is  still  smaller,  not  exceeding 
eighteen  in  a  hundred.  Calcareous  formations  have  accumulated  on  a 
great  scale  in  the  Eed  Sea  in  modem  times,  and  fossil  sheila  of  existing 
species  are  well  preserved  therein  ;  and  we  know  that  at  the  mouth  of 
the  Nile  laige  deposits  of  mud  are  amassed,  including  the  remains  of 
Mediterranean  spedes.  It  follows,  therefore,  that  if  at  some  future  pe- 
riod the  bed  of  the  Eed  Sea  should  be  laid  dry,  the  geologist  might  ex- 
perience great  difficulties  in  endeavoring  to  ascertain  the  relative  age  of 
these  formations,  which,  although  dissimilar  both  in  organic  and  mineral 
characters,  wei'e  of  synchronous  ori^n. 

But,  on  the  other  hand,  we  must  not  forget  that  the  northwestern 
shores  of  the  Arabian  Gulf,  the  plains  of  Egypt,  and  the  isthmus  of 
Suez,  are  all  parts  of  one  province  of  terrestriai  species.  Small  streams, 
therefore,  occasional  land-floods,  and  those  winds  which  drift  clouds  of 
sand  Sbng  the  deserts,  might  cany  down  into  the  Eed  Sea  the  same 
shells  of  fluviatile  and  land  testacea  which  the  Nile  is  sweeping  into  its 
delta,  together  with  some  remains  of  terrestrial  plants  and  the  bones  of 
quadrupeds,  whereby  the  groups  of  strata,  before  alluded  to,  might,  nof^ 
witistanding  the  discrepancy  of  their  mineral  composition  and  marine 
organic  fossils,  be  shown  to  have  belonged  to  the  same  epoch. 

Yet  whDe'  riveis  may  thus  carry  down  the  same  fluviatile  and  ter- 
restrial spoils  into  two  or  more  seas  inhabited  by  different  marine  species, 
it  will  much  more  frequently  happen,  that  the  coexistence  of  terrestrial 
species  of  distinct  zoological  and  botanic^  provinces  will  be  proved  by 
the  identity  of  the  marine  beings  which  inhabited  the  intervening  space.. 
Thus,  for  example,  the  land  quadrupeds  and  shells  of  tlie  south  of  Eu- 
rope, north  of  Afiica,  and  northwest  of  Asia,  are  different,  yet  their 
remains  are  all  washed  down  by  rivers  flowing  from  these  three  countries 
into  the  Mediterranean. 

In  some  parts  of  the  globe,  at  the  present  period,  the  line  of  demarea- 
tion  between  distinct  provinces  of  animals  and  plants  is  not  veiy  stix^igiv 
marked,  especially  where  tiie  change  is  determined  by  temperature,  as 
in  seas  extending  from  the  temperate  to  the  tropical  zone,  or  from  tJie 
temperate  to  the  arctic  regions.  Here  a  gradual  passage  takes  place 
from  one  set  of  species  to  another.  In  like  manner  the  geologist,  in 
studying  particular  formations  of  remote  periods,  has  sometimes  been 
able  to  trace  the  gradation  from  one  ancient  province  to  another,  by  ob- 
serving carefully  the  fossils  of  all  the  intermediate  places.  His  success 
in  thus  acquiring  a  knowledge  of  the  zoological  or  botanical  geography 
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of  verj'  distant  eras  lias  been  mainly  o^ving  to  this  circumstance,  that 
the  mineral  character  has  no  tendency  to  he  affected  hy  climate.  A 
large  river  may  convey  yellow  or  red  mud  into  some  part  of  the  ocean, 
where  it  may  be  dispereed  by  a  current  over  an  area  several  hundred 
leagues  in  length,  so  as  to  pass  from  the  tropics  into  the  temperate  zone. 
1i  the  bottom  of  the  sea  be  afterwards  upraised,  the  organic  remains 
imbedded  in  such  yellow  or  red  strata  may  indicate  the  different  animals 
or  plants  which  once  inhabited  at  the  same  time  the  temperate  and 
equatorial  regions. 

It  may  be  true,  as  a  genera!  rule,  that  groups  of  the  same  species  of 
animals  and  plants  may  extend  over  wider  areas  than  deposits  of  homo- 
geneous composition ;  and  if  so,  palfeonteiogical  characters  will  he  of 
more  importance  in  geolo^cal  flassification  than  mineral  composition ; 
but  it  is  idle  to  discuss  the  relative  value  of  tliese  tests,  as  the  aid  of  both 
is  indispensable,  and  it  fortunately  happens,  that  where  the  one  cnterion 
fails,  we  can  often  avail  ourselves  of  the  other. 

Teat  by  included  fragments  of  older  rochs. — It  was  stated,  that  inde- 
pendent proof  may  sometimes  be  obtained  of  tbe  relative  date  of  two 
formations,  by  fragmenls  of  an  older  rook  being  included  in  a  newer  one. 
This  evidence  may  sometimes  be  of  great  use,  where  a  geologist  is  at  a 
loss  to  det^mine  the  relative  age  of  two  formations  fi^om  want  of  clear 
sections  exhibiting  their  true  order  of  position,  or  because  the  strata  of 
each  group  are  vertieaL  In  such  cases  we  sometimes  discover  that  the 
more  modem  rock  has  been  in  part  derived  from  the  degradation  of  tlie 
older.  Thus,  for  example,  we  may  And  in  one  part  of  a  country  chalk 
with  flints  ;  and,  in  another,  a  distinct  formation,  consisting  of  alterna- 
tions of  clay,  sand,  and  pebbles.  If  some  of  these  pebbles  consist  of 
similar  flint  and  fossil  shells,  sponges,  and  foraminiferas,  of  tiie  same 
species  as  those  in  the  chalk,  we  may  confidently  infer  that  the  chalk  is 
the  oldest  of  the  two  formations. 

Chronological  groupi. — The  number  of  groups  into  which  the  fossil- 
iferous  strata  may  be  separated  are  more  or  less  numerous,  according  to 
the  views  of  classification  which  different  geologists  entertain  ;  but  when 
we  have  adopted  a  certain  system  of  arrangement,  we  immediately  find 
that  a  few  only  of  the  entire  seiies  of  groups  occur  one  upon  the  otiier 
in  any  angle  section  or  district. 

The  thinning  out  of  individual  strata  was  before  desciihed  (p.  16). 


But  let  the  annexed  diagi'am  represent  seven  fossiliferous  groups,  instead 
of  as  many  strata.  It  will  then  be  seen  that  in  the  middle  all  the  super- 
imposed formations  are  present ;  but  in  consequence  of  some  of  theat 
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thinning  iiut,  No  3  ind  No  5  lie  absent  it  o 
tion,  and  Ni>  4  at  the  other 

In  the  anneied  diigram,  lig  lOS,  a  real  section  of  th.e  gpological 
formations  in  tJie  neighborhood  of  Biistol  and  the  Mendip  Hill',  is  pre- 
sentpd  to  tliP  reidu  Ti  laid  down  on  a  tniP  ocile  by  Prote'.&or  Eiin<iiy, 
Mlieie  the  nsMPi  gnmps  1,  2,  -■,  i  rest  imconfinnabh  on  the  foimition^ 


B  behold  s 


5  and  6.     Here  at  the  soiithera  end  of  tl 
the  beds  No.  3  (the  New  Red  Sandstone)  r 
while  fartJier  north,  as  at  Dundiy  Hill,  a 

posed  one  upon  the  other,  comprising  all  the  strata  ftom  tlie  inferior 
oolite  to  the  coal  and  carboniferous  limestone.  The  limited  extension  of 
the  groups  1  and  2  is  owing  to  denudation,  as  these  formations  end  ab- 
ruptly, and  have  left  outlying  patches  to  attest  the  fact  of  their  having 
originally  covered  a  much  wider  area. 

In  many  instances,  however,  tlie  entire  absence  of  one 
tjons  of  intervening  periods  between  two  groups,  such  at 
same  section,  arises,  not  from  the  destruction  of  what  o 
because  no  strata  of  an  intermediate  a^ 
ferior  rock.     They  were  not  formed  at  that  place,  f 
region  was  dry  land  during  the  interval,  or  because  it 
or  lake  to  which  no  sediment  was  carried. 

In  order,  therefore,  to  establish  a  chronological  succession  of  fossilifer- 
ous  groups,  a  geologist  must  begin  witt  a  single  section,  m  which  sev- 
eral sets  of  strata  lie  one  upon  the  other.  He  mnst  then  trace  these 
formatJons,  by  attention  to  their  mineral  character  and  fossils,  continu- 
ously, as  far  as  possible,  from  the  starting  point.  As  often  as  he  meets 
with  new  groups,  he  must  ascertain  by  supei'position  their  age  relatively 
to  those  first  examined,  and  thus  learn  how  to  intercalate  them  in  a  tab- 
ular arrangement  of  the  whole. 

By  this  means  the  German,  Fi'ench,  and  English  geologists  have  de- 
termined the  succession  of  strata  throughout  a  great  part  of  Europe,  and 
have  adopted  pretty  generally  the  following  groups,  almost  all  of  which 
have  their  representatives  in  the  British  Islands. 


e  line  of  section  ive  meet  witli 
5  immediately  on  JSo.  6, 
'  I  groups  siipeiim- 


more  foima- 
and  5  in  the 
i  existed,  but 
thein- 
r  because  the 
part  of  a  sea 
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Groups  of  Fossiliferom  Strata  observed  in  Western  Europe,  arranged 
in  what  is  termed  a  descending  Series,  or  beginning  with  the  newest. 
{See  a  mm-e  detailed  Tabular  view,  pp.  360,  365.) 

1.  Pcet-Pliocene,  including  thoae  of  tlie 

Recent,  or  human  period, 

2.  Newer  Plioceue,  or  P 

3.  Older  Pliocene. 

4.  Miocene. 
6.  ilkicene. 

6.  Caialk. 

7.  Qreensand. 

8.  Wealden. 

9.  Upper  Oolite. 

10.  Middle  Oolite, 

11.  Lower  Oolite. 


Secondary,  or  Mosoaoicf 


16.  Old  R«d  eaodatone,  or  DeTonian. 

17.  Upper  Silurian. 

18.  Lower  Silurian. 

19.  Cambrian  and  older  fossiliferoue  sti 

It  is  not  pretended  tliat  tlie  three  principal  sections  in  tlie  above  table, 
called  primary,  secondary,  and  tertiary,  ai'S  of  equivalent  importance,  or 
that  the  eighteen  subordinate  groups  comprise  monumente  relating  to 
equal  portions  of  past  time,  or  of  tbe  earth's  history.  But  we  can  assert 
that  they  eacli  relate  to  successive  peidods,  during  which  certain  animals 
and  plants,  for  tlie  most  part  peculiar  to  their  respective  eras,  have  flour- 
ished, and  duiing  which  different  Mnds  of  sediment  were  deposited  in 
tie  space  now  occupied  hy  Europe. 

If  we  were  disposed,  on  palteontolog^cal  grounds,^  to  divide  the  entire 
fosailiferous  series  into  a  tew  gi'oups  less  numerous  than  those  in  the 
above  table,  and  more  nearly  co-ordinate  in  value  than  the  sections  called 
immary,  secondary,  and  tertiary,  we  might,  perhaps,  adopt  the  six 
groups  or  periods  given  in  the  next  table  (p.  104). 

At  Uie  same  time,  I  may  obseiTe,  that,  in  the  present  state  of  the 
science,  when  we  have  not  yet  compared  the  evidence  derivable  from  all 
classes  of  fossils,  not  even  those  most  generally  distributed,  such  as 
shells,  corals,  and  fish,  such  generalizations  are  premature,  and  can  only 
be  r^^arded  as  conjectural  or  provisional  schemes  for  the  founding  of 
large  natural  groups. 

«  For  tertiary,  Sir  H.  Be  la  Beoha  has  used  the  term  "  supracretaceous," 
a  name,  implying    that   tlie  strata  bo  culled  ai-e   superior  in  position  to  the 

f  Professor  Phillips  has  adopted  these  terms :  CaJnozoio,  from  suivot,  tatnoe,  re- 
cent, and  laav,  ioon,  animal.  MbbozoIc,  from  fiwof,  mesos,  middle,  Ac. ;  Paleoaoii^ 
from  irnAaioc,  palatoa,  ancient,  &Q. 

t  Palieontology  b  the  science  which  treats  of  fos^l  remains,  both  animal  and 
v-egatable.  Mytn.  uoAaiot,  polaios,  ancient,  otra,  oitta,  beings,  ami  Xayot,  logos,  a 
discourse. 
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FosBUiferous 

Post-Pliocene 

Tertiarj 
Cretaceous 


Permian,  Carbonifer- 
ous, and  Devoniaji 
Silurian    and    Cani- 
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ts  Strata  of  Westmn  Murope  divided  into  Six  Oroups. 


from  the  Poat-Pliocoue  to  the  Eocene  inclusive, 

from  tlie  Maestridit  Cbolk  to  the  Lower  Groensand 
inclusive. 

from  the  Wealden  to  the  Lias  inclusive. 

lacluding  the  Keuper.  Muschelkalk,  and  Bunter  Sand- 
steiu  of  the  Qerman^ 

including  Magnesian  Limestone  (Zechstein),  Goal,  Moun- 
tain Limestone,  aud  Old  Red  sandstone. 

from  the  Upper  Silurian  to  the  oldest  foasiljferous  roclia 
inclusive. 


CHAPTER   X. 


OLASSIFIOATION    OF 


FOBMAT10SS^P08T-PLI0    I 


General  principles  of  class iCcatlon  of  tcrtiarj  strata- — Detached  t         t  t 

tered  over  Europe — Strata   of  Paris  and  London — More  n  od  r  

Peculiar  difficulties  in  determining  the  chronology  of  tertiary  1    m  f       —I 
creasing  proportion  of  living  spemes  of  shells  in  strata  of  new         f,    — T 
Eocene,  Miocene,  and  Pliocene—Post-Pliocene  strata — Recent      h  pi 

— Older  Post-Pliocene  formations  of  Naples,  XJddevaila,  and  Norway — Ancient 
upraised  delta  of  the  Mississippi—Loess  of  the  Rhine, 

Before  describing  the  most  modern  of  the  seta  of  strata  enmnerated 
in  the  tablea  given  at  the  end  of  the  last  cliapf«r,  it  will  be  necessary  fo 
say  something  geneially  of  the  mode  of  classifying  the  formations,  called 
tertiaiy. 

The  name  of  tertiary  has  been  given  to  them,  becaase  they  are  all 
posterior  in  date  to  the  rocfes  teiined  "seeondaiy,"  of  whicli  the  chalk 
constitutes  the  newest  giwup.  These  tertiary  strata  were  at  first  con- 
founded, as  before  stated,  p,  91,  with  the  superficial  aUuviums  of  Europe ; 
and  it  was  long  before  their  real  extent  and  thickness,  and  the  various 
ages  to  which  they  belong,  were  fully  recognized.  They  were  observed 
to  occur  in  patches,  some  of  fi^hwater,  ofiers  of  marine  origin,  iJieir 
geographic^  area  being  usually  small  as  compared  to  the  secondary 
formations,  and  their  position  oft«n  suggesting  the  idea  of  tlieir  having 
been  deposited  in  difl'erent  bays,  lakes,  estuaries,  or  inland  seas,  after  a 
large  portion  of  the  space  now  occupied  by  Europe  had  already  been 
converted  into  dry  land. 

The  first  deposits  of  this  dass,  of  which  the  charactets  were  accurately 
deteimined,  were  those  oceuiring  in  the  neighborhood  of  Paris,  described 
in  1810  byMM.  Ouvier  and  Brongniart.  Theyw 
siat  of  successive  sets  of  strata,  some  of  marine 
ori^n,  lying  one  upon  the  other.  The  fossil  shelb  and  corals  were  per- 
ceived to  be  almost  all  of  unknown  species,  and  to  have  in  general  i 
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'near  affinity  to  those  now  iniabithig  warmer  seas.  The  bones  and  skel- 
etons of  land  animals,  some  of  tliem  of  large  size,  and  belon^ng  to 
more  than  forty  distinct  species,  were  examined  by  Cuvier,  and  declared 
by  him  not  to  agree  specifloally  and  for  the  most  pai-t  not  even  generic- 
ally,  with  any  hitJierto  observed  in  the  living  creation. 

Strata  were  soon  afterwai'ds  brought  to  light  in  the  vicinity  of  London, 
and  in  Hampshire,  which,  although  dissimilar  in  mineral  composition, 
were  justly  inferred  by  Mr.  T.  Webster  to  be  of  the  same  age  as  those  of 
Paris,  because  the  greater  number  of  the  fossil  sheila  were  specifically 
identical.  For  the  same  reason  rocks  found  on  the  Gironde,  in  the  South 
of  France,  Mid  at  cei'tain  points  in  the  North  of  Italy,  were  suspected  to 
be  of  contemporaneous  origin. 

A  variety  of  deposits  were  afterwards  found  in  other  parts  of  Europe, 
all  reposing  immediately  on  rocks  as  old  or  oider  than  the  chalk, 
and  which  exhibited  certain  general  chai'actei's  of  resemblance  in  their 
organic  remains  to  those  previously  observed  near  Paris  and  London. 
A.n  attempt  wss  therefore  made  at  first  to  refer  the  whole  to  one  period ; 
and  when  at  length  this  seemed  impracticable,  it  was  contended  that  as 
in  the  Parisian  series  there  were  many  subordinate  formations  of  consid- 
erable thickness  which  must  have  accumulated  one  after  the  other,  during 
a  great  lajse  of  time,  so  the  various  patches  of  teitiary  strata  scattered 
over  Europe  might  correspond  in  age,  some  of  them  to  the  older,  and 
otliers  to  the  newer,  subdivisions  of  the  Parisian  series. 

This  error,  although  most  unavoidable  on  the  part  of  those  who  made 
the  first  generalizations  in  this  brandi  of  geology,  retarded  seriously  for 
some  years  the  progress  of  dassification.  A  more  scrapulous  attention 
to  specific  distinctions,  aided  by  a  careful  regard  to  the  relative  position 
of  tiie  strata  containing  them,  led  at  length  to  the  conviction  that  there 
were  formations  both  marine  and  freshwater  of  various  ages,  and  all 
newer  than  the  strata  of  the  neighborhood  of  Paris  and  London. 

One  of  the  fimt  steps  in  this  chronolo^cal  reform  was  made  in  1811, 
by  an  English  naturalist,  Mr.  Parkinson,  who  pointed  out  the  fact  that 
certaai  shelly  strata,  provincially  termed  "  Crag"  in  Suffolk,  lay  decidedly 
over  a  deposit  which  was  the  continuation  of  the  blue  day  of  London. 
At  the  same  time  he  remarked  tliat  the  fossil  testacea  in  these  newer 
beds  wei'e  distinct  from  those  of  the  blue  clay,  and  that  while  some  of 
tJiem  were  of  unknown  species,  otiiers  were  identical  with  species  now 
inhabiting  the  British  seas. 

Anothei'  jmportent  discovery  was  soon  afterwards  made  by  Brocchi  in 
Italy,  who  investigated  the  aigillaceons  and  sandy  deposits  replete  with 
shells  which  form  a  low  range  of  hills,  flanking  the  Apennines  on  both 
sides,  fi^m  the  plains  of  the  Po  to  Calabria.  These  lower  hills  were 
called  by  Mm  the  Subapennines,  and  were  formed  of  strata  of  difierent 
ages,  all  newer  than  those  of  Paris  and  London. 

Another  tertiary  gi'oup  occurring  in  the  neighborhood  of  Bourdeaux 
and  Dax,  in  the  south  of  France,  was  examined  by  M.  de  Baaterot  in 
1825,  who  described  and  figured  several  hundred  species  of  shells,  which 
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differed  for  the  most  pai't  botJi  from  the  Parisian  series  and  those  of  the 
Subapenaine  Iiills.  It  was  aoon,  thei'efore,  suspected  that  this  iauna 
might  belong  to  a  period  intermediate  between  that  of  the  Parisian  and 
Subapennine  strata,  and  it  was  not  long  before  the  evidence  of  super- 
position was  brought  to  hear  in  support  of  this  opinion;  for  other  strata, 
contemporaneous  ■wiOt  those  of  Bourdeaus,  were  observed  in  one  district 
{the  Valley  of  the  Loire),  to  overlie  the  Parisian  formation,  and  in  an- 
other {in  Piedmont)  to  undei'lie  the  Subapennine  beds.  The  first  exam- 
pie  of  these  was  pointed  out  in  1829  by  M.  Desnoyera,  who  ascertained 
that  the  sand  and  marl  of  marine  origin  called  Faluns,  near  Tours,  in 
tlie  basin  of  the  Loire,  full  of  searshells  aad  corals,  rested  upon  a  lacus- 
trine formation,  which  constitutes  the  uppermost  subdivision  of  the 
Pai'isian  group,  extending  continuously  fhroughont  a  great  tabie-land 
intervening  between  the  basin  of  the  Seine  and  that  of  tlie  Loire.  The 
other  example  occurs  in  Italy,  where  strata,  containing  many  fossils  sim- 
ilar to  those  of  Bourdeaus,  were  observed  by  Bonelli  and  othei's  in  the 
environs  of  Turin,  subjacent  to  strata  belonging  to  the  Subapennine 
group  of  Brocchi. 

Without  pretending  to  give  a  complete  sketch  of  the  progress  of  dis- 
eovery,  I  may  refer  to  flie  facta  above  enumerated,  as  illustrating  the 
course  usually  pursued  by  geologists  when  they  attempt  to  found  new 
chronological  divisions.  The  method  beai's  some  analogy  to  tliat  pm'- 
sued  by  the  naturalist  in  the  construction  of  genera,  when  he  selects  a 
typical  spedes,  and  then  classes  as  congeners  all  other  species  of  animals 
and  plants  which  agree  with  tliis  standard  within  certain  limits.  The 
genei'a  A  and  C  having  been  founded  on  these  principles,  a  new  species 
is  afterwards  met  with,  departing  widely  both  ii'om  A  and  C,  but  in 
many  respects  of  an  intermediate  character.  For  this  aeiw  type  it  be- 
comes necessary  to  institute  the  new  genus  B,  in  which  are  included  all 
spedes  afterwards  brought  to  light,  which  agree  more  nearly  with  B  tlian 
with  the  tyi)es  of  A  or  0.  In  like  mannei'  a  new  formation  is  met  wifL 
in  geology,  and  the  diaraeters  of  its  fossil  fiinaa  and  flora  investigated. 
From  that  moment  it  is  considered  as  a  record  of  a  certain  period  of  Uie 
earth's  history,  and  a  standard  to  which  other  deposits  may  be  com- 
pared. If  any  are  foimd  containing  the  same  or  nearly  the  same  organic 
remains,  and  occupying  the  same  relative  position,  they  ai'e  regarded  in 
the  light  of  contempormy  annals.  All  such  monumente  are  said  to  re- 
late to  one  period,  during  which  certain  events  occurred,  such  as  the 
formation  of  particular  iwsts  by  aqueous  or  volcanic  agency,  or  the  con- 
tinued existence  and  fossilization  of  certain  tribes  of  animals  and  plants. 
When  several  of  these  periods  have  had  their  true  places  assigned  to 
them  in  a  chronological  series,  others  are  discovered  which  it  becomes 
necessary  to  intercalate  between  those  firet  known;  and  tiie  difficulty  of 
assigning  clear  lines  of  separation  must  unavoidably  increase  in  propor- 
tion as  chasms  in  the  past  history  of  tlie  globe  are  filled  up. 

Every  zoologist  and  botanist  is  awai-e  that  it  is  a  comparatively  easy 
task  to  establish  genera  in  departments  which  have  been  enriched  with 
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only  a  small  number  of  species,  and  wtere  tliere  is  as  yet  no  tendency 
in  one  set  of  chai'scters  to  pass  almost  insensibly,  by  a  multitude  of  con- 
a«eting  links,  into  another.  They  also  know  that  the  difficulty  of  classi- 
fication augments,,  and  that  the  artifleial  nature  of  their  divisions  becomes 
more  apparent,  ift  proportion  to  the  incre^ed  number  of  objects  brought 
to  light  But  in  separating  femihes  and  genera,  they  have  no  other  al- 
ternative than  to  avail  themselves  of  such  brealrs  as  still  remain,  or  of 
every  hiatus  in  the  chain  of  animated  beings  which  is  not  yet  filled  up. 
So  in  geology,  we  may  be  eventually  compelled  to  resort  to  sections  of 
time  as  arbitrary,  and  as  purely  conventional,  as  those  which  divide  the 
history  of  hniiiaii  events  into  centuries.  But  in  the  present  state  of  our 
knowledge,  it  is  more  convenient  to  use  the  int«iTuptions  which  still 
occur  in  tiie  regular  sequence  of  geolo^cal  monuments,  as  boundary 
lines  between  our  principal  groups  or  periods,  even  though  the  groups 
tiius  established  are  of  very  unequal  value. 

The  isolated  position  gf  distinct  tertiary  depf«i(s  in  different  parts  of 
Europe  has  been  already  alluded  to.  In  addition  to  the  difficulty  pre- 
sented by  this  want  of  continuity  when  we  endeavor  to  settle  the  chrono- 
logical relations  of  these  deposits,  another  arises  from  the  fi«quent 
dissimilarity  in  mineral  character  of  strata  of  contemporaneous  date, 
such,  for  example,  as  those  of  London  and  Paris  before  mentioned.  The 
identity  or  non-identity  of  species  is  also  a  criterion  which  often  iwls  us. 
For  this  we  might  have  been  prepared,  for  we  have  already  seen,  that 
the  Mediterranean  and  Eed  Sea,  although  within  70  miles  of  each  other, 
on  each  side  of  the  Isthmus  of  Suez,  have  each  their  peculiar  fauna ; 
and  a  marked  difference  is  found  in  tte  four  group  of  testacea  now 
living  in  the  Baltic,  English  Channel,  Black  Sea,  and  Mediterranean,  al- 
though all  tiiese  seas  have  many  species  in  common.  In  like  manner  a 
considerable  diversity  in  tiie  fo^ls  of  differ    1 1  f    y  f        ti  1    h 

have  been  thrown  down  in  distinct  seas,  est  by        d  1  1       d 

not  always  imply  a  distinctness  in  the  tim      wh  n  tl   y  i  o- 

duced,  but  may  have  arisen  from  dimat         1         It  f  [ly  cal 

geography  wholly  independent  of  time.     0     th      th      h    d    t  w 

abuudantiy  clear,  as  the  result  of  geological  t     t       th  t  d  ff       t 

sets  of  tertiary  strata,  immediately  superimp      1    l  h     th 

tain  distinct  imbedded  species  of  fossils,  i  ns  q  ce  f  fl  t  t  ns 
which  have  been  going  on  in  the  animate     eab  d  by  wh  h      th 

course  of  ages  one  state  of  things  in  the  o  g        w    Id  has  b  bst 

tuted  for  another  wholly  dissimilar.     It  has    It.    b         1    w     th  t 
proportion  as  the  age  of  a  tertiary  deposit       m       m  d  m  t 

fauna  more  analogous  to  tiiat  now  in  being  th  ghb  n  sc  It 
is  tiiis  law  of  a  neai'cr  agreement  of  the  fossil  testacea  with  th  pe  es 
now  living,  which  may  often  furnish  us  with  a  clue  for  the  ch  nologi  al 
an'angement  of  scattered  deposits,  where  we  cannot  avail  ou  sel  es  of 
any  one  of  the  three  ordinary  chronological  tests ;  namely,  supe  p  t  n 
mineral  diaracter,  and  the  specific  identity  of  the  fossils. 

Thus,  for  example,  on  the  African  border  of  the  Eed  b       at  the 
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height  of  40  feet,  and  aoaietJmes  niore,  above  its  level,  a  wliite  calcare- 
ous foimatioa  has  been  observed,  containing  several  hundred  species  of 
slieUa  differing  from  those  found  in  the  clay  and  volcanic  tuft'  of  the 
country  round  Naples,  and  of  the  contiguous  island  of  Ischia.  Another 
deposit  has  been  found  at  TJddevalla,  in  Sweden,  in  which  the  shells  do 
not  agi'ee  with  those  found  near  Naples.  But  although  in  these  three 
cases  there  may  be  scarcely  a  single  shell  common  to  the  three  different 
deposits,  we  do  not  hesitate  to  refer  them  ail  to  one  period  (the  Post- 
Pliocene),  because  of  the  veiy  close  agreement  of  the  fossil  sppcies  in 
every  instance  *vith  those  now  hving  in,  the  contiguous  seas. 

To  take  another  example,  where  the  fossil  feuna  recedes  a  few  steps 
farther  back  from  our  own  times.  We  may  compare,  first,  the  beds  of 
loam  and  clay  bordering  the  Clyde  in  Scotland  (called  glacial  by  some 
geologists),  secondly,  others  of  flimo-marine  origin  near  Norwich,  and, 
lastly,  a  third  set  often  rising  to  considerable  heights  in  Sicily,  and  we 
discover  that  in  every  case  more  than  three-fomlhs  of  the  shells  agree 
witli  species  stall  living,  while  the  I'emainder  are  extinct.  Hence  we  may 
conclude  tliat  aU  these,  greatly  diversified  as  are  their  organic  remains, 
belong  fo  one  and  the  same  era,  or  to  a  period  immediately  antecedent 
to  tlie  Post-Pliocene,  because  there  has  been  time  in  each  of  the  areas 
alluded  to  for  an  equal  or  neaily  equal  aanount  of  change  in  the  marine 
testaceous  fauna.  Contemporaneousness  of  origin  is  inferred  in  these 
cases,  in  spite  of  the  most  marked  differences  of  mineral  character  or 
organic  contents,  from  a  similar  degree  of  divergence  in  tlie  shells  from 
those  now  living  in  the  adjoining  seas.  The  advantage  of  such  a  test 
consists  in  supplying  us  with  a  common  point  of  departure  in  all  coun- 
tries, however  remote. 

But  the  farther  we  recede  from  the  present  times,  and  the  smaller  the 
relative  number  of  recent  as  compared  ^vith  extinct  species  in  the  ter- 
tiary deposits,  the  less  confidence  can  we  place  in  the  exact  value  of  such 
a  test,  especially  when  compamng  the  strata  of  very  distant  regions ;  for 
we  cannot  presume  that  tlie  rate  of  former  alterations  in  tlie  animate 
world,  or  tbe  continual  going  out  and  coming  in  of  species,  has  been 
everywhere  exactly  equal  in  equal  quantities  of  time.  The  form  of  the 
land  and  sea,  and  the  climate,  may  have  dianged  more  in  one  region 
'than  in  another;  and  consequentiy  there  may  have  been  a  more  rapid 
destruction  and  renovation  of  species  in  one  part  of  the  globe  than 
elsewhere.  Considerations  of  this  kind  should  undoubtedly  put  us  on 
our  guard  against  relying  too  implicitiy  on  the  accuracy  of  this  test ; 
yet  it  can  never  fell  to  throw  great  light  on  the  chronological  re- 
lations of  fertiaiy  groups  ivJlh  each  other,  and  with  the  Pos^Pliocene 
period. 

We  may  derive  a  conviction  of  this  truth  not  only  from  a  study  of 
geolo^cal  monuments  of  all  ages,  but  also  by  reflecting  on  the  tendency 
which  prevails  in  the  present  state  of  nature  to  a  uniform  rate  of  simul- 
taneous fluctuation  in  the  flora  and  fauna  of  tiie  whole  globe.  Tlie 
grounds  of  such  a  doctrine  cannot  be  discussed  here;' and  I  have  ex- 
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plained  them  at  some  length  in  tlie  third  Book  of  the  Piinciples  of 
Geology,  where  the  causes  of  the  successive  extinction  of  species  are 
considered.     It  will  be  tliere  seen  that  each  local  ciiange  in  climate  and 
physical  geography  is  attended  with  the  immediate  increase  of  certain 
spedea,  ajd  the  limitation  of  the  range  of  others.     A  revolution  thus 
effected  is  rarely,  if  ever,  confined  to  a  limited  space,  or  to  one  geograph- 
ical province  of  animab  or  plants,  but  affects  several  other  surrounding 
and  contiguous  provinces.     In  each  of  these,  moreover,  analogous  alter- 
ations of  the  stations  and  habitations  of  species  are  simultaneously  in 
progress,  reacting  in  the  manner  already  alluded  to  on  fJie  first  province. 
Hence,  long  before  the  geography  of  any  paiticular  district  can  be  essen- 
tially altered,  the  flora  and  fauna  throughout  the  world  will  have  been 
materially  modified  by  countiess  disturbaBces  in  fJie  mutual  relation  of 
the  various  members  of  the  organic  ci'eation  to  each  other.     To  assume 
that^  in  one  large  area  inhabited  exclusively  by  a  single  assemblage  of 
species  any  important  revolution  in  physical  geography  can  be  brought 
about,  while  otber  areas  remain  stationary  in  regard  to  tiie  position  of 
land  and  sea,  the  height  of  mountains,  aud  so  forth,  is  a  most  improba- 
ble hypothesis,  wholly  opposed  to  what  we  know  of  tJie  laws  now 
governing  the  aqueous  and  igneous  causes.     On  the  other  hand,  even 
were  this  conceivable,  the  communication  of  heat  and  cold  between  dif- 
ferent parts  of  the  atmosphere  and  ocean  is  so  free  and  rapid,  that  the 
t^perature  of  certain  zones  cannot  be  materially  raised  or  lowered 
without  others  being  immediately  affected ;  and  the  elevation  or  dimi- 
nution iu  height  of  an  important  chain  of  mountains  or  the  submeigence 
of  a  wide  tract  of  land  would  modify  the  climate  even  of  the  antipodes. 
It  will  be  obseiired  that  in  the  foregoing  allusions  to  organic  remains, 
the  testacea  or  the  sheO-bearing  moUusca  are  selected  as  the  most  useful 
and  convenient  class  for  the  purposes  of  general  classification.     In  the 
first  place,  they  are  more  imiversally  distributed  through  strata  of  every 
age  than  any  other  organic  bodies.     Those  families  of  fossils  which  are 
of  rare  and  casual  occurrence  are  absolutely  of  no  avail  in  establishing 
a  chronological  arrangement.     If  we  have  plants  alone  in  one  group  of 
strata  and  the  bones  of  mammalia  in  another,  we  can  draw  no  conclusion 
respecting  the  affinity  or  discordance  of  the  organic  bebgs  of  the  two 
epochs  compared ;  and  tiie  same  may  be  said  if  we  have  plants  and 
vertebrat«d  animals  in  one  series  and  only  shells  in  another.     Although 
corals  are  more  abundant,  in  a  fossil  state,  than  plants,  reptiles,  or  flsh, 
they  are  still  rare  when  conti'aated  mth  shells,  especially  in  the  European 
tertiary  formations.     The  utility  of  the  testacea  is,  moreover,  enhanced 
by  the  dreumstance  Oiat  some  forms  are  proper  to  the  sea,  otters  to  tiie 
land,  and  otiiers  to  freshwater.     Rivers  scarcely  ever  fail  to  eaiTy  down 
into  their  deltas  some  land  shells,  tcgether  with  spedes  which  ai-e  at 
once  fluviatile  and  lacustrine.     By  this  means  we  learn  what  terrestrial, 
ireshwater,  and  marine  species  coexisted  at  particulai-  eras  of  the  past ; 
and  having  thus  identified  strata  formed  in  seas  with  others  which  origi- 
nated contemporaneously  in  inland  hites,  we  are  then  enabled  to  advance 
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a  step  ferther,  and  ahow  that  ceitain  quadmpeda  or  ac[uafic  plants,  found 
foaail  in  lacustrine  fonnations,  inhabited  the  globe  at  tlie  same  period 
when  certain  fish,  repUles,  and  zoophytes  lived  in  the  ocean. . 

Among  oilier  characters  of  the  molluscous  animala,  which  render 
them  extremely  valuable  in  settling  chronological  questions  in  geology, 
may  he  mentioned,  first,  the  ivide  geographical  range  of  many  species ; 
and,  secondly,  what  is  probably  a  consequence  of  fie  former,  the  great 
duration  of  species  in  this  class,  for  they  appear  to  have  surpassed  in 
longevity  tlie  greater  number'  of  the  mammalia  and  fish.  Had  each 
species  inhabited  a  very  limited  space,  it  could  never,  when  imbedded  in 
sti'ata,  have  enabled  the  geologist  to  identify  deposits  at  distant  points  ; 
or  had  they  each  lasted  but  for  a  brief  period,  they  could  have  thrown 
no  light  on  the  connection  of  rodss  placed  far  from  eacli  othei'  in  tlie 
chronolf^cal,  or,  as  it  is  often  termed,  vertical  seiies. 

Many  authors  have  divided  the  European  tertiary  strata  into  three 
groups — lower,  middle,  and  upper ;  the  lower  comprising  the  oldest 
formations  of  Pains  and  London  before-mentioned  ;  the  middle  those  of 
Bourdeaux  and  Tonraine ;  and  the  upper  all  those  newer  than  the  mid- 
dle group. 

Wten  engaged  in  1828  in  preparing  my  work  on  the  Principles  of 
Geology,  I  conceived  tbe  idea  of  classing  the  whole  series  of  tertiaiy 
strata  in  four  groups,  and  endeavoring  to  find  characters  for  each,  ex- 
pressive of  theii'  different  degrees  of  affinity  to  the  living  fauna.  Witli 
this  view,  I  obtained  information  respecting  the  specific  identity  of  many 
tertiary  and  recent  sheila  from  several  Italian  naturalists,  and  among 
others  irom  Professors  Bonelli,  Guidotti,  and  Costa.  Having  in  1829 
become  acquainted  with  M.  Deshayes,  of  Paris,  ah'eady  well  known  by 
bis  conchological  works,  I  learnt  from  him  that  he  had  arrived,  by  inde- 
pendent researches,  and  by  tlie  study  «f  a  large  collection  of  fossil  and 
recent  shelb,  at  very  similar  views  respecting  the  arrangement  of  tertiaiy 
formations.  At  my  request  he  drew  up,  in  a  tabular  form,  lists  of  all 
the  shells  known  to  him  to  occur  both  in  some  tertiary  ibrmation  and  in 
a  living  state,  for  the  express  purpose  of  ascertaining  the  proportional 
number  of  fossil  species  identical  with  the  recent  which  characterized 
successive  groups ;  and  this  table,  planned  by  us  in  common,  was  pub- 
lished by  me  in  1833.*  The  number  of  tertiary  fossil  shells  examined 
by  M.  Deshayes  was  about  8000 ;  and  (be  recent  speeie.s  with  which  they 
had  been  compared  about  6000.  The  result  then  arrived  at  was,  that 
in  the  lower  tertiary  strata,  or  those  of  London  and  Paris,  there  were 
about  3J  per  cent,  of  spewes  identical  with  recent ;  in  the  middle  ter- 
tiary of  the  Loire  and  Gironde  about  1^  per  cent. ;  and  in  the  upper 
tertiary  or  Subapennine  beds,  from  36  to  50  per  cent  In  formations 
still  more  modem,  some  of  which  I  had  particulaily  studied  in  Sicily, 
where  they^^attiun  a  vast  thickness  and  elevation  above  the  sea,  the  num- 
ber of  species  identical  with  those  now  living  was  believed  to  be  from 
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90  to  95  per  cent.  For  the  sake  of  clearness  and  brevity,  I  proposed 
to  give  shorf  teclinical  names  to  tkeae  four  groups,  or  the  periods  to 
wLieh  tliey  respectively  belonged.  I  called  the  first  or  oldest  of  them 
Eocene,  the  second  Miocene,  tie  tliu'd  Older  Pliocene,  and  the  last  ov 
fourth  Newer  Phocene.  The  first  of  (lie  above  terms.  Eocene,  is  derived 
fi'om  ij(j£,  eos,  dawn,  and  xatwi,  cainos,  recmt,  because  the  fossil  shells  of 
this  pei'iod  contain  an  extremely  small  proportion  of  living  species,  which 
may  be  looked  upon  as  indicating  the  dawn  of  the  existing  state  of  the 
testaceous  faima,  no  recent  species  having  been  detected  in  the  older  or 
secondaiy  roots. 

The  term  Miocene  (from  fisiou,  melon,  less,  and  jtnivoj,  cahios,  recent) 
is  intended  to  express  a  minor  proportion  of  recent  species  (of  testacea), 
the  term  Pliocene  (from  *Xeiov,  pleion,  more,  and  xajvos,  cainos,  recent)  a 
comparati.ve  plurality  of  the  same.  It  may  assist  the  memory  of  stu- 
dents to  remind  them,  that  the  Miocene  contain  a  minot  proportion,  and 
/'flocene  a  comparative  phiriHity  of  recent  spedes ;  and  tiiat  the  greater 
number  of  I'ecent  species  always  implies  the  more  modem  origin  of  the 
strata. 

It  has  sometimes  been  objected  to  this  nomenclature  that  certain  spe- 
cies of  infusoria  foimd  in  the  chalk  are  still  existing,  and,  on  the  other 
hand,  the  Miocene  and  Older  Pliocene  deposits  often  contain  the  remains 
of  mammalia,  reptiles,  and  fish,  exclusively  of  extinct  species.  But  the 
reader  must  bear  in  mind  that  the  terms  Eocene,  Miocene,  and  Pliocene 
were  originally  invented  with  reference  pui'dy  to  chronological  data,  and 
in  that  sense  bave  always  been  and  ai'e  still  used  by  me. 

The  distribution  of  the  fossil  species  from  which  the  results  before 
mentioned  were  obtained  in  1830  by  M.  ] 


In  the  formations  of  tlio  Pliocene  periods,  older  aod  ni 

In  the  Miocene 

iu  tbe  Eocene  -  -  -  - 


Since  tbe  year  1830  the  prog-resa  of  conchologic«l  science  has  been 
most  rapid,  and  the  number  of  living  species  obtained  ivom  difierent 
parts  of  tbe  globe  has  been  raised  from  about  5000  to  more  than  10,000. 
New  fossil  species  have  also  been  added  to  our  collections  in  great 
abundance  ;  and  at  the  same  time  a  more  Copious  supply  of  individuals 
both  of  fossil  and  recent  species,  some  of  which  were  previously  veiy 
rare,  have  been  procured,  affording  more  ample  data  for  detennining  tlie 
specific  character.  Besides  the  reforms  introduced  in  consequence  of 
these  new  zoological  fewlities,  other  eiTors  of  a  geological  nature  have 
been  in  many  instances  removed. 

Post-Pliocene  Formations, 

I  have  adopted  tbe  f«nn  Post-Pliocene  for  those  strata  which  are 
sometimes  called  post-tertiary  or  modem,  and  which  are  characterized 
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by  Laving  all  the  imbedded  fossil  sheEs  identical  witli  species  now  li^-ing, 
whereas  even  the  Newer  Pliocene,  or  newest  of  tlie  tertiary  deposits 
above  alluded  to,  contain  always  some  small  propoition  of  shells  of  ex- 
tinct species. 

These  modem  foi'mations,  thus  defined,  comprehend  not  only  those 
strata  which  can  be  shown  to  have  originated  since  the  earth  was  inhab- 
ited by  man,  but  also  deposits  of  far  greater  extent  and  fhictness,  in 
which  no  signs  of  man  or  his  works  can  be  detected.  In  some  of  these, 
of  a  date  long  anterior  to  the  times  of  history  and  tradition,  the  bones 
of  extinct  quadrupeds  have  been  met  with  of  species  which  probably 
never  co-existed  with  tlie  human  race,  as,  for  example,  the  mammoth, 
mastodon,  megatherium,  and  others,  and  yet  the  sliells  are  the  same  as 
those  now  living. 

That  portion  of  the  postrpliocene  group  wliich  belongs  to  the  human 
epoch,  and  which  is  sometimes  called  Recent,  forais  a  very  unimportant 
feature  in  the  geological  sti'uctnre  of  tlie  earth's  erast  I  have  shown, 
however,  in  "  The  Prindples,"  where  the  recent  changes  of  the  earth 
illustrative  of  geology  are  described  at  lengtJi,  that  the  deposits  accumu- 
lated at  the  bottom  of  lakes  and  seas  mthin  the  last  4000  or  5000  years 
can  neither  be  insigniflcstnt  in  volume  or  extent.  Tliey  he  hidden,  for 
the  most  part,  from  our  sight ;  but  we  have  opportunities  of  examining 
them  at  certain  points  where  newly  gained  land  in  tlie  deltas  of  rivers 
has  been  cut  through  during  floods,  or  where  coral  reefe  are  growing 
I'apidly,  or  where  the  be<l  of  a  sea  or  lake  has  been  heaved  up  by  sub- 
terranean movements  and  laid  dry.  Their  age  maybe  recognized  either 
by  our  finding  in  them  the  bones  of  man  in  a  fossil  state,  tliat  is  to  say, 
imbedded  in  .them  by  natui'al  causes,  or  by  their  containing  articles  fab- 
ricated.by  the  hands  of  man. 

Thus  at  Puzzuoli,  near  Naples,  marine  strata  are  seen  containing  frag- 
ments of  aenlpture,  pottery,  and  the  remains  of  buildings,  together  with 
innumerable  shells  retaining  in  part  their  color,  and  of  the  same  species 
as  those  now  inhabiting  the  Bay  of  Baias.  The  uppermost  of  these 
beds  is  about  20  feet  above  the  level  of  the  sea.  Their  emei^ence  can 
be  proved  to  have  taken  place  since  the  beginning  of  tiie  sixteenth  cen- 
tury.* Now  here,  aa  in  almost  every  instance  where  any  alterations  of 
level  have  been  going  on  in  historical  peiiods,  it  is  found  that  rocla  contain-^ 
ing  shells,  all,  or  nearly  all,  of  which  still  inhabit  the  ndghboring  sea,  may 
be  traced  for  some  distance  into  the  interior,  and  often  to  a  considerable 
elevation  above  the  level  of  the  sea.  Thus,  in  the  country  round  Na- 
ples, the  post-pliocene  strata,  consisting  of  clay  and  horizontal  beds  of 
volcanic  tuff,  rise  atcei-tain  points  to  the  height  of  1600  feet.  Although 
the  marine  shells  are  exclusively  of  living  species,  they  are  not  aeoom- 
paiiied  Uke  those  on  the  coast  at  Puzzuoli  by  any  ti'aces  of  man  or  his 
works.  Had  any  such  been  discovered,  it  would  have  afforded  to  the 
antiquary  and  geologist  matter  of  great  suipiise,  since  it  would  have 

*  See  Principles,  Iiidox,  "  Serapis." 


-c  by  Google 


Oh.  Z.]  post-pliocene  P0BMATI0N8.  US 

eliown  that  man  was  an  inhabitant  of  that  part  of  the  giohe,  while  the 
materials  composing  the  present  hills  and  plains  of  Campania  were  still 
in  the  progress  of  deposition  at  the  bottom  of  the  sea ;  whereas  we 
know  fliat  for  nearly  3000  years,  or  trom  the  times  of  the  earliest  Greek 
colonists,  no  material  revolution  in  the  physical  geography  of  that  part 
of  Italy  has  occurred. 

In  Ischia,  a  small  island  near  Naples,  composed  in  hte  mamier  of 
maiine  and  volcanic  formations,  Dr.  Philippi  collected  in  the  sti'atiiied 
tuff  and  clay  ninety-two  species  of  shells  of  existing  species.  In  tJie 
centie  of  Ischia,  the  lofty  hill  called  Epomeo,  or  San  Nicola,  is  composed 
of  greenish  indurated  tuff,  of  a  prodigious  thickness,  interstratified  in 
some  parts  wifli  marl,  and  here  and  thei-e  with  great  beds  of  solid  lava. 
Visconti  ascertained  by  trigonometrical  measurement  that  this  mountain 
was  2605  feet  above  the  level  of  the  sea.  Not  far  fi'om  its  summit,  at 
the  height  of  about  2000  feet,  as  also  near  Moropano,  a  village  only  100 
feet  lower,  on  the  southern  declivity  of  the  mountain,  I  collected,  in 
1828,  many  shells  of  species  now  inhabiting  the  neighboring  gulf.  It 
is  clear,  therefore,  that  the  gi'eat  mass  of  Epomeo  was  not  only  raised  to 
its  present  height,  but  was  also  fm-nied  beneath  the  waters,  within  the 
post-pliocene  period. 

It  is  a  fact,  however,  of  no  small  interest,  that  the  fossi!  shells  from 
these  modem  tu^  of  the  volcanic  regions  surrounding  the  Bay  of  Baite, 
although  none  of  them  extinct,  indicate  a  shght  want  of  correspondence 
between  the  ancient  fauna  and  that  now  inhabiting  the  Medilen-anean. 
Philippi  informs  us  that  when  he  and  M.  Scaechi  had  collected  ninety- 
nine  species  of  them,  he  found  that  only  one,  Fectm  medius,  now  living 
in  the  Red  Sea,  was  absent  fi'om  the  Meditei'ranean.  Notwithstanding 
this,  he  adds,  "tie  condifioE  of  the  sea  when  the  tufaeeous  beds  were 
deposited  must  have  been  considei'ably  different  from  its  present  state ; 
for  Tellina  striata  was  then  common,  and  is  Jiow  rare ;  lAtcma  spinosa 
was  both  more  abundant  and  grew  to  a  larger  size ;  Zudna  fragilh, 
now  rare,  and  hardly  measuring  6  lines,  then  attained  the  enormous 
dimensions  of  14  lines,  and  was  extremely  abundant;  and  Ostrea  la- 
mellosa,  Broc^  no  longer  met  with  near  Naples,  existed  at  that  time, 
and  attamed  a  size  so  large  that  one  lower  valve  has  been  known  to 
measure  6  inches  9  lines  in  length,  4  inches  in  breadth,  l\  inch  in  thick- 
ness, and  weighed  26J  ounces."* 

Thei'e  are  other  parts  of  Europe  where  no  volcanic  a<>tion  manifests 
itself  at  the  surface,  as  at  Naples,  whethw  by  ihe,  eruption  of  lava  or  by 
earthquakes,  and  yet  where  the  land  and  bed  of  the  adjoining  sea  are 
undergoing  upheaval.  The  motion  is  so  gradual  as  to  be  msensible  to 
the  inhabitants,  being  only  ascertainable  by  careful  scientific  measure- 
ments compared  after  long  intervals.  Such  an  upward  movement  has 
been  proved  to  be  in  progress  in  Norway  and  Sweden  throughout  an 
area  about  1000  miles  N.  and  S.,  and  for  an  unknown  distance  E.  and 

*  Geo!.  Quai'L  Jourc.  vo!.  it  Meraoirs,  p.  15. 
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W.,  tlie  amount  of  elevation  always  inci'easing  as  wa  proceed  towards 
ihe  Noith  Cape,  wiiere  it  maj  equal  5  feet  in  a  century.  K  we  could 
assume  that  there  had  been  an  average  rise  of  2^  feet  in  each  hundiei:! 
years  for  the  last  fifty  centuries,  this  woiUd  pv&  an  elevation  of  125  feet 
in  fliat  period.  In  other  words,  it  would  follow  that  the  shoiea,  and  a 
considerable  area  of  the  former  bed  of  Uie  Baltic  and  North  Sea,  had 
been  uplifted  vertically  to  that  amount,  and  converted  info  land  in  the 
course  of  the  last  5000  years.  Accordingly,  we  find  near  StDciholm,  m 
Sweden,  horizontal  beds  of  sand,  loam,  and  marl  contMning  the  same 
peculiar  ^aemblage  of  testacea  which  now  Mve  in  the  brackish  watera 
of  the  Baltic.  Mingled  witJi  these,  at  different  depths,  have  been  de- 
tected various  worla  of  art  implying  a  rude  state  of  dvilization,  and 
some  vessels  built  before  tiie  introduction  of  iron,  the  whole  marine 
formation  having  been  upraised,  so  that  the  upper  beds  aie  now  60  feet 
higher  than  flie  surface  of  the  Baltic.  In  the  neighborhood  of  these 
recent  strata,  both  to  the  northwest  and  south  of  Stockholm,  other 
deposits  similai'  in  mineral  composition  occur,  which  ascend  fo  greater 
heights,  in  which  precisely  flie  same  assemblage  of  fossil  shells  k  met 
wili,  but  without  any  intermixture  of  human  bones  or  labricafed  articles. 

On  the  opposite  or  western  coast  of  Sweden,  at  Uddevalla,  post-plio- 
cene strata,  containing  recent  sheila,  not  of  that  brackish  water  character 
peculiar  to  the  Baltic,  but  such  as  now  live  in  the  northern  ocean,  ascend 
to  the  height  of  200  feet ;  and  beds  of  clay  and  sand  of  the  same  age 
attain  elevations  of  300  and  even  700  feet  in  Norway,  whei'e  they  have 
been  usually  described  as  "  raised  beaches."  They  are,  however,  thick 
deposits  of  submarine  origin  ]  ead  ng  fei  nd  wide,  and  filling  valleys 
in  tlie  granite  and  gneiss,  ju  t  a  the  te  f  aiy  formations,  in  dilferent 
paits  of  Europe,  cover  or  fill  d  p  ea     n    n  the  older  rocks. 

It  is  woi-thy  of  remark,  that  alth  ugh  th  fossil  feuna  characterizing 
these  upraised  sands  and  clay  nsi  ts  x  1  isively  of  existing  northern 
species  of  testacea,  yet,  aeco  dmg  to  L  u  (an  able  living  naturalist  of 
Norway),  tiie  species  do  not  constitute  such  an  assemblage  as  now  in- 
habits corresponding  latitudes  in  the  Gennan  Ocean,  On  the  contrary, 
they  decidedly  repi'esent  a  more  arctic  fauna.*  In  order  to  find  the 
same  species  flourishing  in  equal  abundance,  or  in  many  cases  to  find 
them  at  all,  we  must  go  northwards  to  highei'  latitudes  than  Uddevalla 
in  Sweden,  or  even  nearer  the  pole  than  Central  Norway. 

Judging  by  the  uniformity  of  cbmate  now  prevailing  fi'om  century  to 
centuiy,  and  the  insensible  rate  of  variation  m  tlie  organic  world  in  our 
own  times,  we  may  presume  that  an  extremely  lengthened  period  was 
required  even  for  so  slight  a  modification  of  tiie  molluscous  fauna,  as 
that  of  which  the  evidence  is  here  brought  to  Ught.  On  tlie  other  hand, 
we  have  every  reason  for  inferring  on  independent  grounds  (namely,  the 
rate  of  upheaval  of  land  in  modem  times)  that  the  antiquity  of  tiic 
deposits  in  question  must  be  very  gi'eat.     For  if  we  assume,  as  before 
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,  that  the  mean  rate  of  contiDuoiis  vertical  elevation  has 
amounted  to  2J  feet  in  a  century  (and  this  is  probahly  a  high  average), 
it  woidd  require  27,500  years  for  the  sea-coast  to  attain  the  height  of 
700  feet,  without  making  allowance  for  any  pauses  such  as  ai'e  now  ex- 
perienced in  a  large  part  of  Norway,  or  for  any  oscillations  of  leve!. 

In  England,  buried  ships  have  been  found  in  the  ancient  and  now 
deserted  channels  of  tlie  Rother  in  Sussex,  of  the  Mersey  in  Kent,  and 
the  Thames  near  London.  Canoes  and  stone  hatchets  have  been  dug 
lip,  in  almost  all  parts  of  the  kingdom,  from  peat  and  shell-marl ;  but 
(here  is  no  evidence,  as  in  Sweden,  Italy,  and  many  other  parts  of  the 
world,  of  the  bed  of  the  sea,  and  the  adjoining  coast,  having  been  up- 
Kft«d  bodiiy  to  considerable  heights  wifJiin  the  human  period.  Recent 
strata  have  been  traced  along  the  coasts  of  Peru  and  Chili,  inclosing 
shells  in  abundance,  all  agreeing  specifically  with  those  now  swarming  in 
the  Pacific.  In  one  bed  of  this  kind,  in  the  island  of  San  Lorenzo,  near 
Lima,  Mr.  Darwin  found,  at  the  altitude  of  85  feet  above  the  sea,  pieces 
of  cotton-thread,  plaited  rush,  and  the  head  of  a  stalk  of  Indian  com, 
the  whole  of  which  had  evidently  been  imbedded  with  the  shells.  At 
the  saiue  height  on  the  neighboring  mainland,  he  found  other  signs  cor- 
roborating the  opinion  that  the  ancient  bed  of  the  sea  had  there  also 
been  uplifted  85  feet,  since  fie  region  was  first  peopled  by  the  Pei-uvian 
laee.*  But  similar  shelly  ma^es  are  also  met  with  at  much  higher 
elevations,  at  innumerable  points  between  the  Chilian  and  Peruvian 
Andes  and  the  sea-coast,  in  which  no  human  remains  were  ever,  or  in 
all  probability  ever  will  be,  discovered. 

In  the  West  Indies,  also,  in  the  island  of  Guadaloupe,  a  solid  lime- 
stone occui's,  at  the  leve!  of  the  sea-beach,  enveloping  human  skeletons. 
The  stone  is  extremely  hard,  and  chiefly  composed  of  comminuted  shell 
and  coral,  with  here  and  there  some  entire  corals  and  shells,  of  species 
now  living  in  tJie  adjacent  ocean.  With  them  ai'e  included  arrow-heads, 
fragments  of  pottery,  and  other  ai-ticles  of  human  workmanship.  A 
limestone  with  similar  contents  has  been  formed,  and  is  still  forming,  la 
St  Domingo.  But  there  are  also  more  ancient  rocks  in  the  West  Indian 
Archipelago,  as  in  Cuba,  near  the  Havana,  and  in  other  islands,  in 
which  are  shells  identical  with  those  now  living  in  corresponding  lati- 
tudes ;  some  well-preseiTed,  others  in  the  state  of  casts,  all  referable  to 
the  post-pliocene  period. 

I  have  already  described  in  the  seventh  chapter,  p.  84,  what  would  be 
the  effects  of  oscillations  and  changes  of  level  in  any  region  drained  by 
a  great  river  and  its  tributaries,  supposing  the  area  to'  be  first  depressed 
several  hundred  feet,  and  then  re-elevated.  I  believe  that  such  changes 
in  the  relative  level  of  land  and  sea  have  actually  occurred  in  the  post- 
pliocene  era  in  the  hydrographical  basin  of  the  Mississippi  and  in  that 
of  the  Rliine.  The  accumulation  of  fluviatile  matter  in  a  delta  during 
a  slow  subsidence  may  raise  the  newly  gained  land  superficially  at  the 

*  Journal,  p.  451, 
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same  rate  at  which  its  fonndafiona  sink,  so  that  tiese  may  go  down 
hundreds  or  thousands  of  feet  perpendicularly,  and  yet  the  sea  hordering 
the  delta  may  always  be  excluded,  the  whole  deposit  continuing  to  be 
Ifirrestrial  or  freshwater  in  chai'acter.  This  appeal's  to  have  happened  in 
the  deltas  both  of  the  Po  and  Ganges,  for  recent  artesian  borings,  pen- 
etrating to  the  depth  of  400  feet,  have  there  shown  that  fluviatile  strata, 
with  shells  of  recent  species,  together  with  ancient  surfaces  of  land  sup- 
porting turf  and  forests,  are  depressed  hundreds  of  feet  below  the  sea 
level.*  Should  these  countries  be  once  more  slowly  upraised,  the  rivers 
would  carve  out  valleys  through  the  horiaontal  and  unconsohdated  strata 
as  they  rose,  sweeping  away  the  greater  portion  ot  them  and  leaving 
mere  fragments  in  the  shape  of  terr'ices  skirtmg  newly  tormed  alluvial 
plains,  aa  monuments  of  the  foimer  levels  at  which  the  nvers  ran  Of 
this  nature  are  "  the  blu^  or  nver  chfls  now  bounding  the  valley  of 
the  Mississippi  throughout  a  hrge  portion  of  its  courae  Thus  let  a  b 
fig.  106,  represent  the  alluvi  1  [  hm  of  the  Miteisaippi  i  ph  n  which  at 


the  point  alluded  to,  is  more  than  30  miles  broad,  and  k  truly  a  pro- 
longation of  the  modern  delta  of  that  river.  It  is  bounded  by;  blu&, 
the  upper  portions  of  which  consist,  both  on  the  east  and  west  side,  of 
shelly  loam,  No.  2  rising  from  100  to  200  feet  above  the  level  of  the 
plain,  and  containing  land  and  freshwater  shells  of  the  genera  Helix, 
Pupa,  Sucdnea,  and  Lymnea,  of  the  same  species  as  those  now  inhabit- 
ing the  ntaghboring  forests  and  swamps.  In  the  same  loam  also,  No.  2, 
are  found  the  bones  of  the  Mistodon,  Elephant,  Megalonyx,  and  other 
extinct  quadrupeds. 

I  have  endeavored  to  show  that  the  deposits  forming  the  delta  and 
alluvial  plain  of  the  Mississippi  consist  of  sedimentary  matter,  extend- 
ing over  an  area  of  30,000  square  miles,  and  known  in  some  parts  to  be 
several  hundred  feet  deep.  Although  we  cannot  estimate  correctly  how 
many  years  it  may  have  required  for  the  river  t«  bring  down  from  the 
upper  country  so  large  a  quantity  of  earthy  matter — the  data  for  such  a 
computation  being  as  yet  incomplete — ^we  may  still  approximate  to  a 
minimum  of  the  time  whidi  such  an  operation  must  have  taken,  by 
ascertaining  experimentally  the  annual  discharge  of  water  by  the  Missis- 
sippi, and  the  mean  annual  am.ount  of  solid  matter  contained  in  its 
waters.  The  lowest  estimate  of  the  lime  required  would  lead  us  to 
assign  a  high  antiquity,  amounting  to  many  tens  of  thousands  of  years 

*  See  Principles,  8tli  ed.  pp.  280 — 268. 
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to  the  existing  delta,  the  origiii  of  which  is  nevertheleBS  an  event  of 
yesterday  when  contrasted  with  those  terraces,  c,  and  d  e,  fig.  !06, 
formed  of  tlio  loam  No.  2  above  mentioned.  These  materials  of  the 
bJufTs  a  and  d  were  produced,  the  reader  will  observe,  during  the  first 
part  of  that  great  oscillation  of  level  which  depressed  to  a  depth  of  200 
feet  a  larger  area  than  the  modem  delta  and  plain  of  tlie  Mississippi,  and 
then  restored  the  region  to  its  former  position.* 

Loess  of  the  Vallmj  of  the  Ilhine. — A  similar  succession  of  geograph- 
ical changes  attended  by  the  production  of  a  fluviatile  formation,  singu- 
larly resembling  that  which  bounds  the  great  plain  of  the  Mississippi, 
seems  to  have  occurred  in  the  hjdrographical  basin  of  the  Rhine,  since 
the  time  when  that  basin  had  already  acquired  its  present  outline  of  hill 
and  valley.  I  allude  to  the  deposit  provincially  termed  loess  in  part  of 
Germany,  or  lehm  in  Aisace,  filled  with  land  and  freshwater  shells  of 
existing  spedes.  It  is  a  finely  comminuted  sand  or  pulverulent  loam  of  a 
yellowish  gray  color,  consisting  chiefly  of  argillaceous  matter  combined 
witli  a  sixth  part  of  carbonate  of  lime,  and  a  sixth  of  qnartzose  and 
micaceous  sand.  It  often  contains  calcareous  sandy  concretions  or  nod- 
ules, rarely  exceeding  the  size  of  a  man's  head.  Its  entire  thickness 
amounts,  in  some  places,  to  between  200  and  300  feet;  yet  there  are 
often  no  signs  of  stratification  in  the  mass,  except  here  and  there  at  the 
bottom,  where  there  is  oceaaionaily  a  shght  intermixture  of  drifted  ma- 
terials derived  fiwm  subjacent  rocks.  Unsolidified  as  it  is,  and  of  so 
perishable  a  nature,  that  every  streamlet  flowing  ovei'  it  cuts  out  for 
itself  a  deep  gujiy,  it  usually  terminates  in  a  vertical  chff',  from  the  sur- 
fece  of  which  land-shells  are  seen  here  and  there  to  project  in  relief.  In 
all  these  features  it  presents  a  precise  counterpart  to  the  loess  of  the 
Mississippi.  It  is  so  homogeneous  as  generally  to  exhibit  no  signs  of 
stratification,  owing,  probably,  to  its  materials  having  been  derived  fi'om 
a  common  source,  and  having  been  accumulated  by  a  uniform  action. 
Yet  it  displays  in  some  few  places  decided  marks  of  successive  deposi- 
tion, where  coarser  and  finer  materials  alternate,  especially  near  the  botr 
tom.  Calcareous  concretions,  also  inclosing  land-shells,  are  sometimes 
arranged  in  horizontal  layers.  It  is  a  remarkable  deposit,  from  its  posi- 
tion, wide  extent,  and  thickness,  its  homogeneous  mineral  composition, 
and  freshwater  origin.  Its  distribution  clearly  shows  that  afliei'  the  great 
valley  of  the  Rhine,  from  Schaff  hausen  to  Bonn,  had  acquired  its  present 
form,  having  its  bottom  strewed  over  with  coarse  gravel,  a  period  amved 
when  it  became  filled  up  fi-om  side  to  side  with  fine  mud,  which  was 
also  thrown  down  in  the  valleys  of  the  principal  tributaries  of  the 

Thus,  for  example,  it  may  be  traced  far  into  Wiirtemberg,  up  the  val- 
ley of  the  N"eokar,  and  from  Frankfort,  up  the  valley  of  the  Main,  to 
above  Dettelbach.  I  have  also  seen  it  spreading  over  the  country  of 
Mayence,  Eppelsheim,  and  Worms,  on  the  left  bank  of  the  Rhine,  and 

«  LjgII's  Second  Visit  to  tJie  United  Strifes,  vol.  ii.  ctiap,  34, 
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on  the  opposite  side  on  the  table-land  above  tlie  Bei'gstrasse,  between 
Wiesloch  and  Bmdisal,  where  it  attains  a  thickness  of  300  feet.  Near 
Sfrasburg,  large  masses  of  it  appear  at  the  foot  of  the  Vosgea  on  the  left 
bank,  and  at  the  base  of  the  mountains  of  the  Black  Forest  on  the  right 
bank.  The  KaiserstnU,  a  volcanic  mountain  which  stands  in  the  middle 
of  tlie  plain  of  the  Bhine  near  Freiburg,  has  been  covered  almost  every- 
where witli  this  loam,  as  have  the  extinct  volcanoes  between  Coblentz 
and  Bonn.  Near  Andernach,  in  the  Kirchweg,  the  loess  containing  the 
usual  shells  alternates  with  volcanic  matter ;  and  over  the  whole  are 
strewed  layers  of  puiaice,  lapiUi,  and  volcanic  sand,  from  10  to  15  feet 
thick,  very  much  resembling  the  ejections  under  which  Pompeii  lies 
buried.  There  is  no  passage  at  tiia  upper  junction  from  the  loess  into 
the  pumiceous  superstratum ;  and  this  last  follows  the  slope  of  the  hill, 
just  as  it  would  have  done  had  it  Men  in  showere  from  the  air  on  a 
declivity  partly  formed  of  loess. 

But,  in  general,  the  loess  overlies  all  the  volcanic  products,  even  those 
between  Neuwied  and  Bonn,  which  have  the  most  modem  aspect ;  and 
it  has  filled  up  in  part  the  crater  of  the  Roderberg,  an  extinct  volcano 
near  Bonn,  In  1833  a  well  was  sunk  at  the  bottom  of  tliis  aater, 
through  ^0  feet  of  loess,  in  part  of  which  were  the  usual  calcareous  eon- 
eretious. 

The  interetratification  above  alluded  to,  of  loess  with  layers  of  pumice 
and  volcanic  ashes,  has  led  to  the  opinion  that  both  during  and  since  its 
deposition  some  of  the  last  volcanic  eruptions  of  the  Lower  Eifel  have 
taken  place.  Should  such  a,  conclusion  be  adopted,  we  should  be  called 
upon  to  assign  a  very  modem  date  to  these  eruptions.  This  curious 
point,  therefore,  deserves  to  be  reconsidered ;  since  it  may  possibly  have 
happened  that  the  waters  of  the  Rhine,  swollen  by  the  melting  of  snow 
and  iee,  and  flowing  at  a  gi'eat  height  through  a  valley  choked  up  with 
loess,  may  have  swept  away  the  loose  superficial  scorite  and  pumice  of 
the  Eifel  volcanoes,  and  spread  them  out  occasionally  over  the  yellow 
loam.  Sometimes,  also,  the  melting  of  snow  on  the  slope  of  small  vol- 
canic cones  may  have  given  rise  to  local  fioods,  capable  of  sweeping  down 
light  pumice  into  the  adjacent  low  grounds. 

The  first  idea  which  has  occurred  to  most  geolo^sts,  after  esamining 
the  loess  between  Mayence  and  Basle,  is  to  ima^ne  that  a  great  lake 
once  extended  thTOughout  the  valley  of  the  Rhine  between  those  two 
places.  Such  a  lake  may  have  sent  off  large  branches  up  the  course  of 
the  Main,  Neckar,  and  other  tributaiy  valleys,  in  all  of  which  large 
patobes  of  loess  are  now  seen.  The  barrier  of  tha  lake  might  be  placed 
sqjnewbere  in  the  nai'row  and  picturesque  gorge  of  the  Rhine  between 
Bingen  and  Bonn.  But  this  theory  foils  altogether  to  explain  the  phe- 
nomena; when  we  discover  that  that  gorge  itself  has  once  been  filled 
with  loess,  which  must  have  been  tranquilly  deposited  in  it,  as  also  in 
the  lateral  valley  of  the  Lahn,  communicating  with  the  gorge.  The 
loess  has  also  overspread  the  high  adjoining  platform  near  the  village  of 
Plaidt  above  Andernach.    Nay,  on  proceeding  fartiier  down  to  the  noith, 
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we  discover  tliat  t!ie  iills  wHch  skirt  the  great  valley  between  Bonn 
and  Cologne  have  loess  on  their  flants,  whieli  also  covers  here  and 
there  the  gravel  of  the  plain  as  far  as  Cologne,  and  tlie  nearest  rising 
grounds. 

Besides  these  objections  to  the  lake  theory,  the  loess  is  met  with  near 
Basle,  capping  hills  more  than  1200  feet  above  the  sea ;  so  that  a  bar- 
rier of  land  capable  of  separating  the  supposed  lake  from  the  ocean 
would  require  to  be,  at  least,  as  high  as  the  mountains  called  the  Sieben- 
gebirge,  near  Bonn,  the  loftiest  summit  of  which,  the  Oehlberg,  is  1209 
feet  above  the  jRhine,  and  1369  feet  above  the  sea.  It  would  be  neces- 
sary, moreover,  to  place  this  Jofty  banker  somewhere  below  Cologne,  or 
precisely  where  the  level  of  the  land  is  now  lowest. 

Instead,  therefore,  of  supposing  one  continuous  lake  of  sufficient  extent 
and  depth  to  allow  of  the  simulation  of  the  loess,  at  various  heights, 
throughout  the  whole  area  where  it  now  occurs,  I  formerly  suggested 
that,  subsequently  to  the  period  when  the  countries  now  drained  by  the 
Rhine  and  its  tributaries  had  nearly  acquired  their  actual  form  tnd  gee 
graphical  features,  they  were  agmn  depressed  gradually  by  a  movement 
like  that  now  in  progress  on  the  west  coast  of  Greenland.*  In  propor 
tioa  as  the  whole  district  was  lowered,  the  genera]  fall  of  the  wateis 
between  the  Alps  and  the  ocean  was  lessened ;  and  both  the  mam  and 
lateral  valleys,  becoming  more  subject  to  rivei'  inundations,  were  piitially 
filled  up  with  flaviatile  silt,  containing  land  and  freshwater  shelli  When 
a  thickness  of  many  hundred  feet  of  loess  had  been  thrown  down  slowly 
by  this  operation,  the  whole  region  was  once  more  upheaved  gr'iduallv 
During  this  upward  movement  most  of  the  fine  loam  would  be  earned 
off  hy  the  denuding  power  of  rains  and  rivers ;  and  thus  the  original 
valleys  might  have  been  re-excavated,  and  the  country  almost  restoied  to 
its  prisfdne  state,  with  the  exception  of  some  masses  and  patches  of  loess 
such  as  still  remain,  and  which,  by  their  fi'equency  and  remarkable  ho- 
mog-eneousness  of  composition  and  fossils,  attest  the  ancient  continuity 
and  commoa  origin  of  the  whole.  By  imagining  these  oscillations  of 
level,  we  dispense  with  the  necessity  of  erecting  and  afterwards  removing 
a  mountain  barrier  sufficiently  high  to  exclude  the  ocean  from  the  valley 
of  the  Rhine  during  the  period  of  the  accumulation  of  the  loess. 

The  proportion  of  land  shells  of  the  genera  Helix,  Pupa,  and  Buli- 
mus,  is  very  large  in  the  loess  ;  but  in  many  places  aquatic  species  of 
the  genera  Lymnea,  Paludina,  and  PlanorUs  are  also  found.  These 
may  have  been  carried  away  during  floods  from  shallow  pools  and 
marshes  bordering  the  river ;  and  the  great  extent  of  marshy  ground 
caused  by  the  wide  overflowiaigs  of  rivers  above  supposed  would  favor 
the  multiplication  of  aauphibious  mollusks,  such  as  the  Succinea  (fig. 
107),  which  ia  almost  everjjwhere  characteristic  of  this  formation,  and  is 
sometimes  accompanied,  as  near  Bonn,  by  another  species,  S.  amphibia 
(fig.  34,  p.  29).     Among  other  abundant  fossils  are  ffelix  plehdum  and 

*  Prine.  of  Geol.  Ed  edition,  l&'ii,  vol.  iiL  p.  414, 
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and  jet,  tliey  are  almoat  invariably  peifect  and  unmjurpd  They  must 
have  been  broien  Ui  pieces  had  they  been  ?wept  along  by  a  nolent  iu- 
uadation.  Even  the  color  of  some  of  the  land  shells  as  that  f  f  Helix 
nemoralis,  is  occasionally  preserved. 

Bones  of  vertebrated  .animals  are  t  we  in  the  loess,  but  th  se  of  tlie 
mammoth,  horse,  and  some  other  quadiuj  eds  hai  e  been  met  with.  At 
the  village  of  Binningen,  and  the  hills  called  Bruder  Holz,  near  Basle,  I 
found  the  vertebras  of  fish,  together  with  the  usual  shells.  These  ver- 
tebrje,  according  to  M.  Agassia,  belong  decidedly  to  the  Shark  family, 
perhaps  to  the  genus  Lamna.  In  explanation  of  their  occun'ence  among 
land  and  freshwater  shells,  it  may  be  stated  that  certain  fish  of  this  fam- 
ily ascend  the  Senegal,  Amazon,  and  othei'  great  rivers,  to  the  distance 
of  several  hundred  miles  from  the  ocean.* 

At  Camistadt,  near  Stuttgardt,  in  a  valley  also  belonging  to  the  hydro- 
graphical  basin  of  the  Rhine,  I  have  seen  the  loess  pass  downwards  into 
beds  of  calcareous  tuff  and  travertin.  Several  valleys  in  northern  Ger- 
many, as  that  of  the  Dm  at  Weimar,  and  that  of  the  Tonna,  north  of 
Gofha,  exhibit  similar  masses  of  modem  limestane  filled  with  recent 
shells  of  the  genera  Planorhis,  Lymnea,  PaludiTia,  &c.,  from  50  to  80 
feet  thick,  with  a  bed  of  loess  much  resembling  that  of  the  Rhine, 
sionaUy  incumbent  on  them.  In  these  modem  limestones  used  for  build- 
ing, the  bones  of  Slephaa  primigenius,  Shmoeeros  tichorirMs,  Ursus, 
spelmis,  Hymia  spelma,  with  the  horae,  ox,  deer,  and  other  quadrupeds 
occur;  and  in  1850  Mr.  H.  Gredner  and  I  obtained  in  a  quarry  at  Ton- 
na, at  the  depth  of  16  feet,  inclosed  in  the  caleateous  rock  and  surrounded 
with  dicotyledonous  leaves  and  petiilied  leaves,  four  eggs  of  a  snake  of 
the  size  of  the  largest  European  Coluber,  which,  with  three  othere,  had 
been  found  lying  in  a  series,  or  string. 

They  are,  I  believe,  the  first  reptilian  remains  which  have  been  met 
with  in  strata  of  this  age. 

The  agreement  of  the  shells  in  these  cases  with  lecent  European  spe- 
cies enables  us  to  refer  to  a  very  modem  period  the  filling  up  and  re- 
excavation  of  the  valleys ;  an  operation  which  doubtless  consumed  a  long 
period  of  time,  since  which  the  mammiferous  fauna  has  undergone  a 
considerable  change. 

*  ProceediDgs  Qeol.  Soe.  Fo.  4B.  p.  222. 
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Drift  of  Scandinayia,  northern  GeTmany,  and  Eueeia— lis  northern  origin— Not 
all  of  the  same  age— Fundamental  rodts  polished,  grooved,  and  scratdied— 
Action  of  glaciers  and  icebergs— Fossil  ahells  of  glacial  period— Drift  of  eastern 
Norfolk— Aaaociated  freshwater  deposit— Bent  and  ffdded  strata  lying  on  UQ- 
diaturberl  beds—Shells  on  Moel  Trjfane— Ancient  glaciers  of  North  Wales— 
Irish  drift. 

Amonw  the  different  kinds  of  alluvium  described  in  the  seventli  chapter, 
mention  was  made  of  tlie  boulder  foi-mation  in  tte  north  of  Europe,  the 
peculiar  characters  of  which  may  now  be  considered,  as  it  belongs  in 
part  to  the  postrphocene,  and  partly  to  the  newer  pliocene,  period.  I 
shall  first  allude  briefly  to  that  portion  of  it  which  extends  from  Finland 
and  the  Scandmavian  mountains  to  the  north  of  Kussia,  and  the  low 
countries  bordering  the  Baltic,  and  which  has  been  traced  southwards  as 
far  as  the  eastern  coast  of  England.  This  formation  consists  of  mud, 
sand,  and  clay,  sometimes  stratified,  but  often  wholly  devoid  of  stratifica- 
tion, for  a  depth  of  more  than  a  hundred  feet.  To  this  unstratified  form 
of  the  deposit,  the  name  of  till  has  been  apphed  in  Scotland.  It  gen- 
erally contains  numerous  fragments  of  rodre,  soii?e  angular  and  others 
rounded,  which  have  been  derived  from  formations  of  aSl  ages,  both  fos- 
siliferous,  volcanic,  and  hypogene,  and  which  have  often  been  brought 
from  great  distances.  Some  of  llie  ti'avelled  blocks  are  of  enormous 
size,  several  feet  or  yards  in  diameter;  their  average  dimensions  increas- 
ing as  we  advance  northwards.  The  till  is  aJmost  evei'yivhei'e  devoid  of 
organic  remains,  unless  where  these  have  been  washed  into  it  from  older 
formations ;  so  that  it  is  chiefiy  from  relative  position  that  we  must  hope 
to  derive  a  knowledge  of  its  age. 

Although  a  large  proportion  of  the  boulder  deposit,  or  "northern 
drift,"  as  it  has  sometimes  been  called,  is  made  up  of  fragments  brought 
from  a  distance,  and  which  have  sometimes  travelled  many  hundred 
miles,  the  bulk  of  the  mass  in  eadi  locality  consists  of  the  ruins  of  sub- 
jacent or  neighboring  rocks ;  so  that  it  is  red  in  a  region  of  red  sand- 
stone, white  m  a  chalk  country,  and  gray  or  black  in  a  district  of  coal 
and  coal-shale. 

The  fundamental  rock  on  which  the  boulder  formation  reposes,  if  it 
consists  of  granite,  gneiss,  marble,  or  other  hard  stone  capable  of  perma- 
nently retiuning  any  sup^ficial  markings  which  may  have  been  imprinted 
upon  it,  is  smoothed  or  polished,  and  usually  exhibits  parallel  strise  and 
furrows  having  a  determinate  direction.  This  direction,  both  in  Europe 
and  North  America,  is  evidently  connected  with  the  coiuse  taken  by  the 
erratic  blocks  in  the  same  district  being  north  or  south,  or  20  or  30  degrees 
to  the  east  or  west  of  north,  according  as  the  large  angular  and  n 
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Stones  have  travelled.     These  sfoues  tliemselves  also  are  often  furrowed 
and  scratched  on  more  than  one  side. 

In  explanation  of  such  phenomena  I  may  refer  the  student  to  what 
was  said  of  the  action  of  g'laciers  and  icebergs  in  the  Principles  of  Geol- 
ogy *  It  is  Mcertained  that  hard  stones,  frozen  into  a  moving  mass  of 
ice,  apd  pushed  along  under  the  pressm^e  of  that  mass,  scoop  out  long 
rectilinear  fun'ows  or  grooves  parallel  to  each  other  on  the  subjacent 
solid  rock     (See  iig.  110.)     Smaller  scratches  and  afri^  are  made  on 


Umeslone  poliaSeit.  foirowed,  nnd  Bcratahed  67  tbo  giaoier  of Eoaenlftui,  in  SwltzetlanJ,  (Agiesiz.) 
a  o.  Whits  slrcflks  or  scratches,  csufefl  by  auisll  jraina  of  flint  frosen  Into  the  Ice. 

the  polished  surface  by  crystals  or  projecting  edges  of  the  hardest  min- 
ei'als,  just  as  a  diamond  cuts  glass.  The  recent  pohshing  and  striation 
of  hmestone  by  coast-ice  carrying  boulders  even  as  fer  south  as  the  coast 
of  Denmark,  has  been  observed  by  Dr.  Forchhammer,  and  helps  us  to 
conceive  how  large  icebergs,  runnmg  aground  on  the  bed  of  the  sea,  may 
produce  similar  furrows  on  a  grander  scale.  An  account  was  given  so 
long  ago  as  the  year  1822,  by  Scoreaby,  of  icebergs  seen  by  him  drifting 
along  in  latitudes  69o  and  70°  N.,  which  rose  above  the  surface  from 
100  to  200  feet,  and  measured  from  a  few  yards  to  a  mile  in  circumfer- 
ence. Many  of  them  were  loaded  with  beds  of  eailJi  and  rock,  of  such 
thickness  that  the  weight  was  conjectured  to  be  fi^om  50,000  to  100,000 
tons.f  A  similar  transportation  of  rocks  is  known  to  be  in  progress  m 
the  southern  hemisphere,  wbei*  boulders  included  in  ice  are  far  more 
frequent  than  in  the  north.  One  of  these  icebergs  was  encountered  in 
1839,  in  mid-ocean,  in  the  antarctic  regions,  many  hundred  miles  fix)m 
any  known  land,  sailing  northwards,  with  a  large  eiratic  block  firmly 

"*  Chiip.  xyi.  and  the  references  there  giyen.  (  Voyages  in  1833,  p.  233, 
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frozen  into  it.  lu  order  to  understand  in  iviiat  manner  long  and  sti'aiglit 
grooves  may  be  cut  by  such  agency,  we  must  remember  that  tliese  floatr 
ing  islands  of  ice  have  a  singular  steadiness  of  motion,  in  consequence 
of  the  larger  portion  of  their  bulk  being  sunk  deep  under  water,  ao  that 
fiey  are  not  perceptibly  moved  by  the  winds  and  waves  even  in  the 
strongest  galea.  Many  had  supposed  that  the  magnitude  commonly 
attnbuted  to  icebergs  by  unscientific  navigators  was  exaggerated,  but 
now  it  appears  that  the  popular  estimate  of  tbeir  dimensions  has  ratber 
fallen  within  than  beyond  the  truth.  Many  of  them,  carefully  measured 
by  the  officers  of  tbe  French  esploring  expedition  of  the  Astrolabe,  were 
between  100  and  225  feet  bigJi  above  water,  and  from  2  to  5  miles  in 
length.  Captain  dllrviile  ascertained  one  of  them  which  he  saw  float- 
ing in  tbe  Southern  Ocean  to  be  13  miles  long  and  100  feet  high,  wifb 
waEs  perfectly  vertical.  The  submerged  portions  of  snob  islands  must, 
according  to  the  weight  of  ice  relatively  to  sea-water,  be  from  six  to  eight 
times  more  considerable  than  the  part  which  is  visible,  so  tiiat  tbe 
mechanical  power  they  might  exerf  when  fairly  set  in  motion  must  be 
prodi^ous.* 

Gladei's  formed  in  mountanons  regions  become  laden  with  mud  and 
stones,  and  if  they  melt  away  at  fbeir  lower  extremity  before  they  reach 
the  sea,  they  leave  wherever  they  terminate  a  confused  heap  of  unatrati- 
fied  iTibbish,  called  "  a  moraine,"  composed  of  mud  and  pieces  of  all  the 
rocks  with  which  they  were  loaded.  We  may  expect,  therefore,  to  find 
a  formation  of  the  same  kind,  resulting  from  tbe  liqnefection  of  icebei^ 
in  tranquil  water.  But,  should  the  action  of  a  cvaveat  intervene  at  cer- 
tain points  or  at  certain  seasons,  then  the  materials  will  be  sorted  as  they 
fell,  and  arranged  in  layers  according  to  tbeu-  relative  weight  and  size. 
Hence  there  will  be  passages  from  till,  as  it  is  called  in  Scotland,  to 
stratified  day,  gravel,  and  sand,  and  intercalations  of  one  in  the  other. 

I  have  yet  to  mention  Miother  appearance  connected  wifb  tbe  boulder 
formation,  which  has  jusUy  attracted  much  attention  in  Norway  and 
other  parts  of  Europe.  Abrupt  pinnacles  and  outstanding  ridges  of 
rock  are  often  observed  to  be  poUshed  and  furrowed  on  the  north,  or 
"  strike"  side  as  it  is  called,  or  on  tbe  side  fadng  the  region  from  which 
the  erratics  have  come ;  while,  on  the  otiier  side,  which  is  usually  steeper 
and  often  perpendicular,  called  the  "lee-aide,"  such  superficial  marking 
are  wanting.  There  is  usually  a  collection  on  this  lee-side  of  boulders 
and  gravel,  or  of  large  angular  fi-agments.  In  explanation  we  may  sup- 
pose that  the  north  ade  was  exposed,  when  still  submerged,  to  the  action 
of  icebergs,  and  afterwards,  when  tbe  land  was  upheaved,  of  coast-ice 
which  ran  aground  upon  shoals,  or  was  jJtwieS  on  the  beach  ;  so  that 
tiiere  would  be  great  wear  and  tear  on  the  seaward  slope,  while,  on 
the  other,  gravel  and  boulders  might  be  heaped  up  in  a  sheltered  posi- 

Norihem  origin  of  erratics. — That  the  erratics  of  northern  Europe 

*  T,  L.  Hayes,  Boston  Joura.  Nat,  Eist.  1841, 
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have  been  carried  southward  cannot  be  doubted ;  those  of  granite,  for 
example,  scattered  over  large  diatricts  of  Russia  and  Poland,  agree  pre- 
cisely in  chai'acter  with  rocks  of  the  moiintaina  of  Lapland  and  Finland; 
while  the  masses  of  gneiss,  syenifa,  porphyry,  and  ti'ap,  strewed  over  the 
low  sandy  countries  of  Ponieramia,  Holstein,  and  Denmark  are  identical 
in  mineral  charactei's  with  the  mountains  of  Norway  and  Sweden. 

It  is  found  to  be  a  general  rule  in  Russia,  that  the  smaller  blocks  are 
carried  to  great^  distances  fix)m  their  point  of  departure  tlian  the  larger ; 
the  distance  b^ng  sometimes  800  and  even  1000  miles  from  the  nearest 
rocks  from  which  they  were  broken  off;  the  direction  having  been  from 
B.  W.  to  S,  K,'or  from  the  Scandinavian  mountains  over  the  seas  and 
low  lands  to  the  southeast.  That  its  accumulation  through-^nt  this  area 
took  place  in  part  during  the  post-pliocene  period  is  proved  by  its  supei'- 
position  at  several  points  to  strata  containing  recent  shells.  Thns,  for 
example,  in  European  Eussia,  MM,  Murchison  and  De  Vemeuil  found  in 
1840,  that  the  flat  country  between  St.  Petei'sburg  and  Archangel,  for  a 
distance  of  600  miles,  consisted  of  horiaontal  strata,  full  of  shells  similar 
to  those  now  inhabiting  (he  arctic  sea,  on  which  rested  the  boulder  forma- 
tion, containing  large  erratics. 

In  Sweden,  in  the  immediate  neighborhood  of  Upsal,  I  observed,  in 
1834,  a  ridge  of  stratified  sand  and  gravel,  in  the  midst  of  which  is  a 
layer  of  marl,  evidently  formed  originally  at  the  bottom  of  the  Baltic, 
by  the  slow  growth  of  the  mussel,  cockle,  and  other  marine  shells,  inter- 
mixed with  some  of  freshwater  species.  The  marine  shells  are  all  of 
dwarfish  size,  hke  those  now  inhabiting  the  brackish  waters  of  the  Baltic; 
and  the  marl,  in  which  myriads  of  them  are  imbedded,  is  now  raised 
more  than  100  feet  above  the  level  of  the  Gulf  of  Bothnia.  Upon  the 
lop  of  this  ridge  repose  several  huge  erratics,  consisting  of  gneiss  for  the 
most  part  unrounded,  from  9  to  16  feet  in  diameter,  and  whicli  must 
have  been  brought  into  their  present  position  since  the  time  when  the 
neighboring  gulf  was  already  characterized  by  its  pecuhar  fauna.*  Here, 
therefore,  we  have  proof  that  the  transport  of  erratics  continued  to  take 
place,  not  merely  when  the  sea  was  inhabited  by  the  existing  testacea, 
but  when  the  north  of  Europe  had  already  assumed  that  remarkable 
feature  of  its  physical  geogi'aphy,  which  separates  the  Baltic  from  tJie 
North  Sea,  and  causes  the  Gulf  of  Bothnia  to  have  only  one-foui'th  of 
the  saltness  belonging  to  the  ocean.  In  Denmark,  also,  recent  shells 
have  been  found  in  stratified  beds,  closely  associated  with  tlie  boulder 

It  was  stated  that  in  Eussia  the  erratics  diminished  generally  in  size 
k  proportion  as  tliey  are  traced  farther  ii'om  their  source.  The  same 
observation  holds  ti'ue  in  regard  to  the  average  bulk  of  the  Scandinavian 
boulders,  when  we  pursue  them  southwards,  from  the  south  of  Norway 
and  Sweden  through  Demnai'k  and  Westphalia.  This  pheni 
in  perfect  harmony  with  the  theory  of  ice-islands  floating  i 

*  See  paper  by  tlie  authoi',  Pliil  Trails,  1835.  p.  15. 
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variable  depth ;  for  tlie  Leaviei'  en-atics  require  icebergs  of  a  larger  size 
to  buoy  ttiein  np ;  and  even  when  there  are  no  stones  frozeTi  in,  more 
tlian  aeven-eightha,  and  often  nine-tenths,  of  a  mass  of  drift-ice  is  under 
water.  The  greater,  therefore,  Ihe  volume  of  the  ieebei^,  the  sooner 
would  it  impinge  on  some  shallower  part  of  the  sea ;  while  the  smaller 
and  lighter  floes,  laden  with  finer  mud  and  gravel,  may  pass  freely  over 
tlie  same  banks,  and  be  carried  to  much  greater  distances.  In  those 
places,  also,  where  in  the  course  of  centuries  blocks  have  been  caiiied 
southwards  by  coaat-iee,  having  been  often  stranded  and  again  set  afloat 
in  the  direction  of  a  prevailing  current,  the  blocks  will  be  worn  and 
diminish  in  size  the  Jaither  they  travel  from  their  point  of  depaitme. 

The  "  northern  drift"  of  the  most  southern  latitudes  is  usually  of  the 
highest  antiquity.  In  Scotland  it  rests  immediately  on  liie  older  rocks, 
and  is  covered  by  stratified  sand  and  clay,  usually  devoid  of  fo^la,  but 
in  which,  at  certain  points  near  the  east  and  west  coast,  as,  for  example, 
in  the  estuaries  of  the  Tay  and  Clyde,  mai'ine  shells  have  been  discovered. 
The  same  shells  have  also  been  met  witli  in  the  north,  at  Wick  in  Caith- 
ness, and  on  the  shores  of  the  Moray  Frith.  The  principal  deposit  on 
the  Clyde  occurs  at  the  height  of  about  70  feet,  but  a  few  shells  have 
been  traced  in  it  as  high  as  554  feet  above  the  sea.  Although  a  propoi'- 
tion  of  between  85  or  90  in  100  of  tlie  imbedded  shells  are  of  recent 
spedes,  the  remainder  are  unknown ;  and  even  many  which  are  recent 
now  inhabit  more  northern  seas,  where  we  may,  perhaps,  hereafter  find 
Kving  representatives  of  some  of  the  unknown  fossils.  The  distance  to 
which  erratic  blocks  have  been  carried  southwards  in  Scotland,  and  the 
course  they  have  taken,  which  is  often  wholly  independent  of  the  present 
position  of  hill  and  valley,  favors  the  idea  that  ice-rafta  rather  than  gla- 
ciers were  in  general  the  transporting  agents.  The  Grampians  in  For- 
farshire and  in  Perthshire  are  from  3000  to  4000  feet  high.  To  the 
southward  hes  the  broad  and  deep  valley  of  Sti'athmore,  and  to  the 
south  of  this  again  rise  the  Sidlaw  Hills*  to  the  height  of  1600  feet  and 
upwards.  On  the  highest  summits  of  this  chain,  formed  of  sandstone 
and  shale,  and  at  various  elevations,  are  found  huge  angular  fragments 
of  ndca-schist,  some  3  and  others  15  feet  in  diameter,  which  have  been 
conveyed  for  a  distance  of  at  least  15  miles  fi'om  the  nearest  Grampian 
rocks  from  which  they  could  have  been  deta<Jied.  Others  have  been 
left  strewed  over  tho  bottom  of  the  large  intervening  vale  of  Strath- 
Still  iacther  south  on  the  Pentiand  Hills,  at  the  height  of  1100  feet 
above  the  sea,  Mr.  Maclaren  has  observed  a  fr^ment  of  mica-schist 
weighing  from  8  to  10  tons,  the  nearest  mountain  composed  of  this  for- 
mation being  50  miles  distant.f 

The  testaceous  fauna  of  the  boulder  period,  in  Scotiand,  England,  and 
Ireland,  has  been  shown  by  Prof  E.  Forbes  to  contain  a  much  smaller 
number  of  species  than  that  now  belonging  to  the  British  seas,  and  tfl 

*  See  above,  section,  p.  iS,  f  Geol.  of  Fife,  <tc  p,  220. 
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have  been  also  much  less  iich  in  spocies  than  the  Older  Pliocene  fauna 
of  the  crag  which  preceded  it.  Yet  tlie  species  are  nearly  all  of  tliem 
now  living  either  in  the  British  or  more  northern  seas,  the  shells  of  more 
arctic  latitudes  teing  the  most  abnndant  and  the  most  wide  spread 
throughout  the  entire  area  of  the  drift  from  north  to  south. 

This  extensive  range  of  the  fossils  can  by  no  means  be  explained  by 
imagining  the  mollnsca  of  the  drift  to  have  been  inhabitants  of  a  deep 
sea,  where  a  more  uniform  temperature  prevailed.  On  the  contrary, 
many  species  were  littoral,  and  others  belonged  to  a  shallow  sea,  not 
above  100  feet  deep,  and  very  few  of  them  lived,  according  to  Prof.  E. 
Forbes,  at  greater  depths  than  300  feet. 

From  what  was  before  stated  it  will  appear  that  the  bonlder  formation 
displays  almost  everywhere,  in  its  mineral  ingi'edients,  a  strange  hetei'o- 
geneous  mixture  of  the  ruins  of  adjacent  lands,  wifJi  stones  both  angular 
and  rounded,  which  have  come  from  points  often  very  remote.  Thus  we 
find  it  in  our  eastein  counties,  as  in  Norfolt,  Sufibli,  Cambridge,  Hunt- 
ingdon, Bedford,  Hertford,  Essex,  and  Middlesex,  containing  stones  from 
the  Silurian  and  Carboniferous  strata,  and  from  the  lias,  oolite,  and  chalk, 
all  with  their  peculiar  fossils,  together  with  ti-ap,  syenite,  mica-schist, 
granite,  and  other  ciystalline  rocks.  A  fine  example  of  this  singular 
miituw  extends  to  ths  very  subrabs  of  London,  being  seen  on  the 
summit  of  Muswell  Hill,  Highgate.  But  south  of  London  the  noi-them 
diift  is  wanting,  as,  for  example,  in  the  "Wealds  of  Surrey,  Kent,  and 
Sussex. 

JVor/oli  drift. — The  drift  can  nowhere  be  studied  more  advantageous- 
ly in  England  than  in  the  cliffs  of  the  Norfolk  coast  between  Happisburgh 
and  Oi'omer.  Vertical  sections,  having  an'  ordinary  height  of  from  50  to 
70  feet,  are  tliere  exposed  to  view  for  a  distance  of  about  20  miles.  The 
name  of  diluvium  was  formerly  given  to  it  by  those  who  supposed  it  to 
have  been  produced  by  the  violent  action  of  a  sudden  and  transient 
deluge,  but  the  term  drift  has  been  substituted  by  those  who  reject  this 
hypothesis.  Here,  as  elsewhere,  it  consists  for  the  most  part  of  day, 
loam,  and  sand,  in  part  stratified,  in  part  devoid  of  stratification,  Peb- 
bles, together  with  some  large  boulders  of  granite,  porphyry,  green- 
stone, lias,  chalk,  and  other  transported  rocks,  are  inteisper^ed,  especially 
through  the  tilL  Tliat  some  of  the  granitic  and  other  fragments  came 
from  Scandinavia  I  have  no  doubt,  after  having  myself  traced  the  course 
of  the  continuous  stream  of  bloiis  from  Norway  and  Sweden  to  Den- 
mark, and  across  the  Elbe,  through  "Westphalia,  to  the  borders  of  Hol- 
land, "We  need  not  be  surprised  to  find  them  reappear  on  our  eastern 
coast,  between  the  Tweed  and  the  Thames,  regions  not  half  so  remote 
from  parts  of  Norway  as  are  many  Russian  erratics  from  the  sources 
whence  they  came. 

White  chalk  rubble,  unmixed  with  foreign  matter,  and  even  huge 
fi-agments  of  solid  chalk,  also  occur  in  many  localities  in  these  Norfolk 
cliffe.  No  fossils  have  been  detected  in  this  drift,  which  can  positively 
be  referred  to  the  era  of  its  accumulation  ;  but  at  some  points  it  overlies 
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a  freshwater  formation  containing  rece 
blended  with  the  same  in  such  a  manner 
both  were  coiitemporaneoualy  deposited. 


t  shells,  iuid  at  othe^  it  is 
s  to  force  us  to  conclude  that 


This  interstratification  is  expressed  in  the  annexed  flgiu'e,  tHe  dark 
mass  indicating  the  position  of  the  freshwater  beds,  which  contain  much 
vegetable  matter,  and  are  divided  into  thin  layers.  The  imbedded  shells 
belong  to  the  genera  Planorbis,  Zymnea,  J'aludina,  Unio,  Oyelas,  and 
othera,  all  of  British  species,  except  a  minute  Pabtdma  now  inhabiting 
France.     (See  fii;  112) 


The  Cyclas  (fig.  113)  is  merely  a  remarkable  variety  of  ti 
English  species.     The  scales  and  teeth  of  fish  of  the  genera  Pike,  Perch, 


Roadi,  and  othei's,  accompany  these  shells  ;  but  the  species  are  not  con- 
sidered by  M.  Agassia  to  be  Identical  with  known  British  or  Europeaji 
kinds. 

The  series  of  formations  in  the  eliffe  of  eastern  Norfolk,  now  under 
consideration,  be^ning  with  the  lowest,  is  as  follows : — First,  chalk ; 
secondly,  patches  of  a  marine  tertiary  formation,  called  tiie  Norwich 
Crag,  hei'eafter  to  be  described ;  thinJIy,  the  fieshwatet  beds  already 
mentioned ;  and  lastly,  the  drift.  Immediately  above  the  chalt,  or  crag, 
when  that  is  present,  is  found  here  and  there  a  binied  forest,  or  a  stra- 
tum in  which  the  stools  and  roots  of  trees  stand  in  their  natural  position, 
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the  teunks  having  been  broken  short  off  and  imbedded  with  their 
branches  and.  leaves.  It  is  veiy  remarkable  that  the  strata  of  tte  over- 
lying  boulder  formation  have  o&n  undergone  great  derangement  at 
points  where  the  subjacent  forest-bed  and  ch^k  remain  undisturbed. 
There  are  also  eases  where  the  upper  portion  of  the  boulder  deposit  has 
been  greatly  deranged,  while  tlie  lower  beds  of  the  same  have  conliniied 
horizontal.     Thus  the  annexed  section  (fig.  114)  represents  a  cliff  about 


Kg.i] 


Utavel 

^^:^'^^"^T~rT^:rr>T^rv^:^_--rrr^ 

T^T^-Ti 

Sand 
LoMn 

^^^l^g 

0^ 

Tn. 

oO         l.d     ^                  o         •=    „ 

^ 

ma  00  feet  high  lietwflen  BmIoa  Sup  sn.!  Mundealey. 

60  feet  high,  at  the  bottom  of  which  is  till,  or  unstratificd  clay,  contain- 
ing bouldeis  having  an  even  horizontal  suitace,  on  which  repose  con- 
foimably  beds  of  laminated  clay  and  sand  about  5  feet  thick,  which,  in 
their  turn,  are  sncceeded  by  vertical,  bent,  and  contorted  layers  of  sand 
and  loam  20  feet  thick,  the  whole  being  covered  by  flint  gravel.  Now 
the  curves  of  the  variously  colored  beds  of  loose  sand,  loam,  and  pebbles 
are  so  complicated  that  not  only  may  we  sometimes  find  portions  of 
them  which  maintain  their  verticality  to  a  height  of  10  or  15  feet,  but 
they  have  also  been  folded  upon  themselves  in  such  a  manner  that  con- 
tinuous layers  might  be  thrice  pierced  in  one  perpendicular  boring. 

At  some  points  there  is  an  apparent  iblding  of  the  beds  round  a  cen- 
tral nucleus,  as  at  o,  fig  115,  where  the  strata  seem  bent  round  a  small 
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entire  mass  being  20  feet  in  perpendiculai'  height  This  ap^warance  of 
eoncentrie  arrangement  around  a  nuoleus  is,  nevertheless,  dehiaive,  teiiig 
produced  by  the  intersection  of  beds  bent  into  a  -convex  shape ;  and 
that  which  seems  tlie  nucleus  being,  in  tact,  the  innerniost  bed  of  the 
series,  which  has  become  partially  visible  by  the  removal  of  the  protu- 
berant portions  of  the  outer  layers. 

To  the  north  of  Cromer  are  other  fine  illuati'ations  of  contorted  drill 
reposing  on  a  floor  of  chalk  horizontally  stratified  and  having  a  level 
surface.  These  phenomena,  in  themselves  sufficiently  difficult  of  explana- 
(jon,  are  rendered  still  more  anomalous  by  the  occasional  inclosuve  in 
the  drift  of  _huge  fragments  of  chalk  many  yards  in  diameter'.  One 
striking  instance  occurs  west  of  Sherringham,  where  an  enormous  pin- 
nacle of  chalk,  between  70  and  80  feet  in  height,  is  flanked  on  both 
sides  by  vertical  layers  of  loam,  clay,  and  gravel.     {Fig.  117.) 


This  chalky  fragment  is  only  one  of  many  detached  masses  which 
have  been  included  in  the  drift,  and  forced  along  with  it  into  theit 
present  position.  The  level  surface  of  the  chalk  in  stl-a  (d)  may  be 
traced  for  miles  along  the  coast,  whei'e  it  has  escaped  the  violent  move- 
ments to  which  the  incumbent  drift  has  been  exposed,* 

We  are  called  upon,  then,  to  explain  how  any  force  can  have  been 
exerted  against  the  upper  massee,  so  as  to  produce  movements  in  which 
the  subjacent  sti'ata  have  not  participated.  It  may  be  answered  that,  if 
we  conceive  the  HU  and  its  boulders  to  have  been  drifted  (o  theii>  present 
place  by  ice,  the  lateral  pressure  may  have  been  supplied  by  the  strand- 
ing of  ice-islands.  We  leai'n,  from  the  observations  of  Messrs  Dease 
and  Simpson  in  the  polar  re^ons,  tJiat  such  islands,  when  they  run 
aground,  push  before  them  large  mounds  of  shingle  and  sand.  It  is 
therefore  probable  that  they  otoi  cause  gi'cat  alterations  in  the  ai'range- 

*  For  a  full  ftiBoant  ot  the  drift  of  East  Norfolt,  see  a  p 
Phil.  Mag.  No.  104,  May,  1840. 


le  author, 
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ment  of  pliant  and  iucolierent  strata  formiug  the  upper  part  of  shoals  or 
submerged  banks,  the  inferior  portions  of  the  same  remaining  unmoved. 
Or  many  of  the  complicated  curvatures  of  these  layers  of  loose  sand  and 
gravel  may  have  been  due  to  another  cause,  the  melting  on  the  spot  of 
icebergs  and  coastrice  in  which  successive  deposits  of  pebbles,  sand,  ice, 
snow,  and  mud,  together  with  huge  masses  of  rock  fallen  from  clifis,  may 
have  become  inteistratified.  Ice-islands  so  constituted  often  capsize  when 
afloat,  and  gravel  once  horizontal  may  Lave  assumed,  before  the  associa- 
ted ice  was  melted,  an  inclined  or  vertical  position.  The  packing  of  ice 
forced  up  on  a  coast  may  lead  to  similar  derangement  in  a  frozen  con- 
glomerate of  sand  or  shingle,  and,  as  Mr.  Trimmer  has  suggested,*  alt«r- 
nat«  layers  of  earthy  matter  may  have  sunk  down  slowly  dming  the 
liquefaction  of  the  intercalated  ice,  so  as  to  assume  the  most  fantastic 
and  anomalous  positions,  while  the  aqueous  strata  below,  and  those 
afterwards  thrown  down  above,  may  be  perfectly  horizontal. 

A  buried  forest  has  been  adverted  to  as  underlying  the  drift  on  the 
eoaat  of  Norfolk.  At  the  time  when  tlie  trees  grew,  there  must  have  been 
dry  land  over  a  large  area,  which  was  afterwards  submerged,  so  as  to 
allow  a  mass  of  stratified  and  unstratified  drift,  200  feet  and  more  in 
thickness,  to  be  superimposed.  The  undermining  of  the  diffe  by  the  sea 
in  modem  times  has  enabled  us  to  demonstrate,  beyond  all  doubt,  the 
fact  of  this  superposition,  and  that  the  forest  was  not  formed  along  the 
present  coast-line.  Its  situation  implies  a  subsidence  of  several  hundred 
feet  since  the  commencement  of  the  drift  period,  after  which  there  must 
have  been  an  upheaval  of  the  same  ground ;  for  the  forest  bed  of  Nor- 
folk is  now  ^in  so  high  as  to  be  exposed  to  view  at  many  points  at  low 
water ;  and  this  same  upward  movement  may  explain  why  the  till, 
which  is  conceived  to  have  been  of  submarine  origin,  is  now  met  with 
far  inland,  and  on  the  summit  of  hills. 

The  boulder  formation  of  the  west  of  England,  observed  in  Lanca- 
shire, Cheshire,  Shrophire,  Staffordshire,  and  Woiwateishire,  contains 
in  some  places  marine  shells  of  recent  spedes,  rising  to  various  heights, 
from  100  to  350  feet  above  the  sea.  The  erratics  have  come  partly  from 
the  mountains  of  Cumberland,  and  pailly  from  those  of  Scotland. 

But  it  is  on  the  mountains  of  North  Wales  that  the  "  Northern  drift," 
with  its  characteristic  maiine  fossils,  reaches  its  greatest  altitude.  On 
Moel  Trjiane,  near  the  Menai  Straits,  Mr.  Trimmer  met  with  shells  of 
the  species  commonly  found  in  the  dioft  at  the  height  of  1392  feet  above 
the  level  of  the  sea. 

It  is  remarkable  that  in  the  same  neighborhood  where  there  is  evi- 
dence of  so  great  a  submergence  of  the  land  during  part  of  the  glacial 
period,  we  have  also  the  most  decisive  proofe  yet  discovered  in  the  British 
Isles  of  sub-aerial  gladers.  Dr.  Buekland  published  in  1842  his  reasons 
for  believing  that  the  Snowdonian  mountains  in  Caernarvonshire  were 
formerly  covered  with  glaciers,  which  radiated  from  the  central  heights 

*  Quart,  Journ,  Geol.  Soc.  vol.  rii.  p.  22. 
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through  the  seven  pi-incipal  valleys  of  that  chain,  where  stri*  and  flut- 
ings  are  seen  on  the  polished  rocks  directed  towards  as  many  differeut 
points  of  the  compass.  He  also  described  the  "  moraines"  of  the  ancient 
glaciers,  and  the  rounded  "  bosses"  or  small  flattened  domes'  of  polished 
rock,  such  as  the  action  of  moving  glaciers  is  known  to  produce  in 
Switzerland,  when  gravel,  sand,  and  boulders,  underlying  the  ice,  are 
forced  along  over  a  foundation  of  hard  stone.  Mr,  Darwin,  and  subse- 
quently Prof.  Ramsay,  have  confirmed  Dr.  Buckland's  views  in  regard 
to  these  Welsh  glaciers.  Nor  indeed  was  it  to  be  expected  that  geolo- 
gists should  discover  proofe  of  icebeigs  having  aboimded  in  the  area 
now  occupied  by  the  British  Isles  in  the  Pleistocene  peiiod  without 
sometimes  meeting  with  the  signs  of  contemporaneous  glaoiers  which 
covered  hills  even  of  moderate  elevation  between  the  60th  and  60th 
degrees  of  latitude. 

In  Ireland  the  "  drift"  exhibits  the  same  general  charaeters  and  fossil 
remains  as  in  Scotland  and  England ;  but  in  the  southern  part  of  tbat 
island,  Prof  E.  Forbes  and  Capt  James  found  in  it  some  shells  which  show 
that  the  glacial  sea  communicated  with  one  inhabited  by  a  more  southern 
fauna.  Among  other  spedes  in  the  south,  they  mention  at  Wexford  and 
elsewhere  the  occurrence  of  JVtteula  Oobboldite  (see  fig.  120,  p.  149)  and 
TurriUlla  incrassala  (a  crag  fossil)  ;  also  a  southern  form  of  Fams,  and 
a  Mitra  allied  to  a  Spanish  species.* 


CHAPTER  Xn. 


Difficulty  of  interpreting  the  phenomena  of  drift  before  the  glacial  hypothesis  was 
adopted — Effects  of  iatensa  cold  in  augmenting  the  quantity  of  alluvinm— 
Analogy  of  erratics  and  scored  rocks  in  North  America  and  Europe — Bayfield 
on  sheila  in  drift  of  Canada — Great  subsidence  and  re-elevation  of  land  from 
the  sea,  required  to  account  for  glacial  appearances — Why  organic  remains  so 
rare  in  norUiem  drift — Mastodon  gigaateds  in  United  States — Many  shells  and 
some  quadrupeds  survived  the  glacial  cold — Alps  an  independent  centre  of 
dispersion  of  erratics — Alpine  blocks  on  the  Jura — Whether  transported  by 
glaciers  or  floating  ice^Recent  transportation  of  erratics  from  the  Andes  to 
Chiloe— Meteorite  in  Asiatic  drift. 

It  will  appear  from  what  was  said  in  the  last  chapter  of  the  maiine 
shells  characterizing  the  boulder  formation,  that  nine-tenths  or  more 
of  them  belong  to  species  still  living.  The  superficial  position  of  "  the 
drift."  is  in  perfect  accordance  with  its  imbedded  organic  lem^ns,  leading 
us  fo  refei'  its  origin  to  a  modem  period.  I^  then,  we  encounter  so 
much  difficulty  in  the  interpretation  of  monuments  relating  to  times  so 
near  our  own — if  in  spite  of  their  recent  date  they  are  involved  in  so 
much  obscurity — the  student  may  ask,  not  without  reasonable  alami, 
how  we  can  hope  to  decipher  the  records  of  remote  ages. 

*  Forbes,  Memoirs  of  Geol.  Sarvey  of  Great  Britain,  vol.  i.  p.  317. 
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To  remove  from  tiie  mind  as  far  as  possible  tliis  natural  feeling  of 
(liaconragement,  I  aliall  endeavor  in  this  chapter  to  prove  tliat  what 
seems  most  strikingly  anomalous,  in  the  "erratic  formation,"  as  some 
call  it,  is  really  the  I'esult  of  that  gladal  action  which  has  already  been 
alluded  to.  If  so,  it  was  to  be  expected  that  so  long  as  tie  true  origin 
of  so  singular  a  deposit  remained  undiscovered,  eri'oneous  theories  and 
terms  would  be  invented  in  the  effort  to  solve  the  pi-oblem.  These 
inveafions  would  inevitably  retard  the  reception  of  more  correct  views 
which  a  wider  field  of  obseiTation  might  afterwards  suggest. 

Tlie  term  "  diluvium"  was  for  a  time  the  popular  name  of  tJie  boulder 
fonnation,  because  it  was  refeiTed  by  some  geologists  to  the  deluge. 
Others  retained  the  name  as  expressive  of  their  opinion  that  a  series 
of  diluvial  waves  raised  by  hurricanes  and  stoiins,  or  by  earthquakes,  or 
by  the  sudden  upheaval  of  land  from  the  bed  of  the  sea,  had  swept  over 
the  continents,  carrying  with  them  vast  masses  of  mud  and  heavy 
stones,  and  fordng  these  stones  over  rocky  surfiices  so  as  to  polish  and 
impiint  upon  them  long  fuixows  and  strise. 

But  no  explanation  was  offered  why  siioh  agenty  should  have  been 
developed  more  energetically  in  modem  times  than  at  former  periods  of 
the  earth's  history,  or  why  it  should  be  displayed  in  its  fullest  intensity 
in  northern  latitudes;  for  it  is  important  to  insist  on  the  fact,  that  the 
bowlder  formation  is  a  northern  phenomenon.  Even  tlie  southern  ex- 
tension of  the  drift,  or  the  largd  erratics  ftiimd  in  the  Al^js  and  the 
surrounding  lands,  especially  their  ocemrence  round  tiie  highest  parts  of 
the  chmn,  offers  such  an  exception  to  the  general  i-ule  as  confirms  the 
glaeial  hypothesis ;  for  it  shows  that  the  transportation  of  stony  frag- 
ments to  great  distances,  and  the  striation,  polishing,  and  grooving  of 
solid  floois  of  rock,  are  here  again  intimately  connected  with  accumula- 
tions of  perennial  snow  and  ice. 

That  there  is  some  intimate  connection  between  a  cold  or  northern 
climate  and  the  various  geological  appearances  now  commonly  called 
gladal,  cannot  be  doubted  by  any  one  who  has  compared  the  countries 
bordering  the  Baltic  with  those  siirrounding  die  Mediterranean.  The 
smootliing  and  striation  of  rocks,  and  the  erratics,  are  tra«ed  from  tiie 
sea-shore  to  the  height  of  3000  feet  above  the  level  of  the  Baltic,  whereas 
such  phenomena  ai'e  wholly  wanting  in  countries  bordering  the  Mediter- 
ranean ;  and  their  absence  is  stiU  more  marked  in  the  equatorial  parts  of 
Ada,  Africa,  and  America ;  but  when  we  ci'oss  the  southern  tropic,  and 
reach  ChiK  and  Patagonia,  we  again  encounter  the  boulder  formation, 
between  the  latitude  41°  S.  and  Cape  Horn,  witii  predsely  the  same 
characters  which  it  aasmnes  in  Europe.  The  evidence  as  to  climate 
derived  from  the  organic  remains  of  tiie  drift  is,  as  we  have  seen,  in 
perfect  harmony  with  tiie  concludons  above  alluded  to,  the  former  habits 
of  the  species  of  mollusca  being  accurately  ascerteinable,  inasmuch  as 
they  belong  to  species  still  living,  and  known  to  have  at  present  a  wide 
range  in  northern  seas. 

But  if  we  are  correct  in  assuming  that  the  northern  liemiaphere  was 
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considerably  colder  than  now  during  the  period  under  consideration, 
owing  probably  to  the  greater  area  and  height  of  arctic  lands,  and  to  the 
quantity  of  icebergs  which  sucli  a  geogi'aphical  state  of  things  would 
generate,  it  may  be  well  to  reflect  before  we  proceed  farther  on  the  en- 
tire modification  which  extreme  cold  would  produce  in  the  operation  of 
those  causes  spoken  of  in  the  sixth  chapt«r  as  most  active  in  the  forma- 
tion of  alluviiun.  A  \a,vg&  part  of  the  materials  derived  from  the  detritus 
of  rocks,  which  in  warm  climates  would  go  to  form  deltas,  or  would  be 
regularly  stratified  by  marine  cuiTents,  would,  under  arctic  influences, 
assume  a  superficial  and  alluvial  character.  Instead  of  mud  being  carried 
farther  from  a  coast  tlian  sand,  and  sand  farther  out  than  pebbles, — in- 
stead of  dense  stratified  masses  being  heaped  up  in  limited  areas, — nearly 
the  whole  materials,  whether  coavse  or  fine,  would  be  conveyed  by  ice  to 
equal  distances,  and  huge  fragments,  which  water  alone  could  never 
move,  would  be  home  for  hundreds  of  miles  without  having  their  edges 
worn  or  fi'actured ;  and  the  earthy  and  stony  masses,  when  melted  out 
of  the  frozen  rafts,  would  be  scattered  at  random  over  the  sub-marine 
bottom,  whether  on  mountain  tops  or  in  low  plains,  with  scarcely  any 
relation  to  the  inequalities  of  the  ground,  settling  on  the  crests  or 
ridges  of  hills  in  tranquil  water  as  readily  as  in  valleys  and  ravines. 
Occasionally,  in  those  deep  and  uninhabited  pai'ts  of  the  ocean,  never 
reached  by  any  but  the  finest  sediment  in  a  normal  state  of  things,  the 
bottom  would  become  densely  ovei'spread  by  gi'avel,  mud,  and  boulders. 

In  the  Western  Hemisphere,  both  in  Canada  and  as  far  south  as  the 
40th  and  even  SSth  parallel  of  latitude  in  the  United  States,  we  meet 
with  a  repetition  of  all  the  peculiarities  which  distinguish  the  European 
boulder  formation.  Fragments  of  rock  have  travelled  for  great  distances 
from  north  to  south ;  the  surface  of  the  subjacent  rock  is  smoothed, 
striated,  and  fluted ;  unsti'atified  mud  or  till  contaming  boidders  is  asso- 
ciated with  strata  of  loam,  sand,  and  clay,  usually  devoid  of  fossils. 
Where  shells  are  present,  they  are  of  species  stall  living  in  northern  seas, 
and  half  of  them  identical  with  those  already  enumerated  as  belon^ng 
to  European  drift  10  degrees  of  latitude  fartlier  north.  The  fauna  also  of 
the  glacial  epocli  in  N'orth  America  is  leas  rich  In  species  than  that  now 
inhabiting  the  adjacent  sea,  whether  In  the  Gulf  of  St.  Lawrence,  or  off 
the  shores  of  Maine,  or  in  the  Bay  of  Massachusetts.  At  the  southern 
extremity  of  its  course,  moreover,  it  pi'esents  an  analogy  with  the  drift,  of 
the  soulJi  of  Ireland,  by  blending  with  a  more  southern  fauna,  as  for 
example  at  Brooklyn  near  New  York,  in  lat.  41°  N^  where,  according 
to  MM.  Eedfield  and  Desor,  Venus  mercenaria  and  other  southern  species 
of  shells  beg^n  to  occur  as  fossils  in  the  drift. 

The  extension  on  the  American  continent  of  the  range  of  erratics 
during  the  Pleistocene  period  to  lower  latitudes  than  they  reached  iu 
Europe,  agrees  well  with  the  present  southwai'd  deflection  of  the  isother- 
mal hues,  or  rather  the  lines  of  equal  winter  temperature.  Formerly,  as 
now,  a  more  extreme  chmate  and  a  more  abundant  supply  of  fioatmg  ice 
prevailed  on  the  western  side  of  the  Atlantic. 
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Another  resemblance  between  the  distribution  of  the  drift  fossils  in 
Europe  and  Korth  America  has  yet  to  be  pointed  out.  In  Norway, 
Sweden,  and  Scotland,  as  in  Canada  and  the  United  States,  the  marine 
shells  are  confined  to  very  moderate  elevationa  above  the  sea  (between 
100  and  700  feet),  while  the  erratic  blocks  and  the  gi'oored  and  pol- 
ished sui'foces  of  rock  extend  to  elevations  of  several  thousand  feet. 

I  described  in  1839  the  fossil  shells  collected  hy  Captain  Bayfield 
from  strata  of  drift  at  Beauport,  near  Quehee,  in  lat.  47°,  and  drew 
from  them  the  inference  that  they  indicated  a  more  northern  climate, 
the  shells  agreeing  in  great  part  with  those  of  Uddeyalla  in  Sweden.* 
The  shelly  beds  attain  at  Beauport  and  the  neighborhood  a  height  of 
200,  300,  and  sometimes  400  feet  above  the  sea,  and  dispersed  through 
some  of  them  are  large  boulders  of  granite,  which  could  not  have  been 
propelled  by  a  violent  current,  because  the  accompanying  fragile  shells 
are  almost  all  entire.  They  seem,  therefore,  said  Captain  Bayfield, 
writing  in  1838,  to  have  been  dropped  down  from  melting  ice,  like 
similar  stones  which  ai'c  now  annually  deposited  in  the  St  Lawrence.f 
I  visited  this  locality  in  1842,  and  made  the  annexed  section,  fig.  118, 


&  Gb7  and  ami  of  hij 


ScaiaHa  C/rtBaiandi'sa,  ^ 

which  will  give  an  idea  of  the  general  position  of  the  drift  in  Canada 
and  the-  United  States.  I  imagine  that  the  whole  of  the  valley  B  was 
once  filled  up  with  the  beds  b,  c,  d,  e,  f,  which  were  deposited  during  a 
period  of  sulsidence,  and  that  subsequently  the  higher  country  (k)  was 
submerged  and  overspread  with  drift.  The  partid  re-excavation  of  B 
took  place  when  this  re^on  was  again  uplifted  above  the  sea  to  its 
present  height  Among  the  twenty-three  species  of  fossil  shells  collected 
by  me  from  these  beds  at  Beauport,  all  were  of  recent  northern  species, 
except  one,  which  is  unknown  as  living,  and  may  be  extinct  (see  fig. 
119).  I  also  examined  the  same  formation  farther  up  the  valley  of  the 
St  Lawrence,  in  the  suburbs  of  Montreal,  where  some  of  the  beds  of 
loam  are  filled  with  gi'cat  numbers  of  the  M^Utus  edulis,  or  our  common 
European  mussel,  retaining  both  its  valves  and  purple  color.  This  shelly 
deposit,  containing  Saxkava  rugosa  and  other  characteristic  marine  shells, 

«  Geol  Trans,  3d  seriaa,  vol  vi.  p,  1 35.    Mr.  Smith  of  Jordanhill  had  arrived  at 
similar  tonclusions  as  to  climate  from  the  shells  of  the  Scotch  Pleistocene  deposits, 
f  ■  Proceedings  of  Gcjol.  Soc.  No.  63,  p,  119. 


-=b,Google 


SUBSiDESCE    TN    DRIFT   PERIOD. 


also  occui-s  at  an  elevated  point  on  the  mountam  of  Montreal,  450  feet 
above  the  level  of  the  aea.* 

Ill  my  account  of  Canada  and  the  United  States,  published  in  1845, 
I  announced  the  conclusion  to  which  I  had  then  arrived,  that  to  explain 
the  position  of  the  erratics  and  the  polished  surfaces  of  rocks,  and  their 
strise  and  flutings,  we  must  assume  first  a  gi'adual  submergence  of  the 
land  in  North  America,  after  it  had  acquired  its  present  outline  of  hill 
and  valley,  cliff  and  ravine,  Mid  then  its  re-emergence  from  the  ocean. 
Wlien  tie  land  was  slowly  sinking,  the  sea  which  bordered  it  was  covered 
with  islands  of  floating  ice  coming  from  the  noi'th,  which,  as  they 
grounded  on  the  coast  and  on  shoals,  pushed  along  such  loose  mateiials 
of  sand  and  pebbles  as  lay  strewed  over  the  bottom.  By  this  force  all 
angular  and  projecting  points  were  broken  off,  and  fr^ments  of  ha*d 
stone,  frozen  into  tJie  lower  surface  of  the  ice,  had  power  to  scoop  out 
grooves  in  the  subjacent  solid  rock.  The  sloping  beaeh,  as  wet!  as  the 
floor  of  the  ocean,  might  be  polished  and  scored  by  this  machinery ;  but 
no  flood  of  water,  howevei'  violent,  or  however  gi'eat  the  qnantity  of  de- 
tritus or  size  of  the  rocky  fragments  swept  along  by  it,  could  produce 
such  long,  perfectly  straight  and  parallel  furrows,  as  are  everywhere  visi- 
ble in  the  Niagara  district,  and  generally  in  the  region  north  of  the  40fii 
parallel  of  latitude.f 

By  the  hypothesis  of  such  a  slow  and  gradual  subsidence  of  the  land 
we  may  account  for  the  fact  that  almost  everywhere  in  N,  America  and 
Northern  Europe  the  boulder  formation  rests  on  a  polished  and  furrowed 
surface  of  rock, — a  fact  by  no  means  obliging  us  to  imagine,  as  some 
think,  that  the  polishing  and  grooving  action  was,  as  a  whole,  anterior  in 
date  to  the  transportation  of  the  eiTatics.  During  the  successive  depres- 
sion of  high  land,  varying  originally  in  height  from  1000  to  3000  feet 
above  the  sea-level,  every  portion  of  the  surface  would  be  bronght  down 
by  turns  to  the  level  of  the  ocean,  so  as  to  be  converted  first  into  a  coast- 
line, and  tKeu  into  a  shoal ;  and  at  length,  after  being  well  scored  by  the 
stranding  upon  it  of  thousands  of  icebergs,  ihight  be  sunk  to  a  depth  of 
several  hundred  fathoms.  By  the  constant  depression  of  land,  the  coast 
would  recede  farther  and  ferther  from  the  successively  foimed  zones  of 
polished  and  striated  rock,  each  outer  zone  becoming  in  its  turn  so  deep 
under  water  as  to  be  no  longer  grated  upon  by  the  heaviest  iceberg 
Such  sunken  areas  would  then  simply  serve  as  receptacles  of  mud,  sand, 
and  boulders  dropped  from  melting  ice,  perhaps  to  a  depth  scarcely,  if  at 

*  Travels  in  N.  Ameiica,  vol.  ii,  p.  141.  f  Ibiii.  p.  99,  cliap.  six. 
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all,  inliabited  by  testaeea  and  zoophytes.  Meanwhile,  during  the  forma- 
tion of  the  unstratified  and  nnfoasiUferona  mass  in  deeper  water,  the 
smcwtbiDg  and  fiirrowing  of  shoals  and  beaflhes  is  still  going  on  else- 
where upon  and  near  the  coast  in  fid!  activity.  If  at  length  the  sub- 
sidence should  cease,  and  the  direction  of  the  movement  of  tie  earth's 
crust  be  reversed,  the  sunken  area  covered  with  drift  would  be  slowly 
reconverted  into  land.  The  boulder  depodf,  before  emerging,  would  then 
for  a  time  be  brought  within  the  action  of  the  waves,  tides,  and  currents, 
so  that  its  upper  portion,  being  partiaJIy  distui'bed,  would  have  its  mate- 
rials rearranged  and  stratified.  Streams  also  flowing  irom  the  land 
would  in  some  places  throw  down  layers  of  sediment  upon  the  (ill.  In 
diat  case,  the  order  of  superposition  will  be,  first  and  uppermost,  sand, 
loam,  and  gravel  occasionally  fossiliferous ;  secondly,  an  unstratilied  and 
unfossiliferous  mass,  for  the  most  part  of  much  older  date  than  the  pre- 
ceding, with  angular  erratics,  or  witli  boulders  interspei'sed ;  and,  tliirdly, 
beneath  the  whole,  a  surface  of  polished  and  forrowed  rock.  Sucli  a 
succession  of  events  seems  to  have  prevailed  very  widely  on  both  sides 
of  the  Atlantic,  the  travelled  blocis  having  been  carried  in  general  from 
the  North  Pole  southwards,  but  mountain  chains  having  in  some  cases 
served  as  independent  centres  of  dispersion,  of  which  tlie  Alps  present 
the  most  conspicuous  example. 

It  is  by  no  means  rare  to  meet  with  boulders  imbedded  in  drift  which 
are  worn  fiat  on  one  or  more  of  tJieir  sides,  the  sui'face  being  at  the  same 
time  polished,  furrowed,  and  striated.  They  may  have  been  so  shaped 
in  3  glacier  before  ihey  reached  the  sea,  or  when  they  were  fixed  in  tlio 
bottom  of  an  iceberg  as  it  ran  agioimd.  We  learn  from  Mr,  Charles 
Martins  that  the  glaciers  of  Spitzbergen  project  from  the  coast  into  a  sea 
between  100  and  400  feet  deep  ;  and  that  numbere  of  striated  pebbles 
or  blocks  are  there  seen  to  disengage  themselves  from  the  overhan^ng 
masses  of  ice  as  they  melt,  so  as  to  fidi  at  once  into  deep  wat«r.* 

That  they  should  retfun  such  markings  when  again  upraised  above  the 
sea  ought  not  to  surprise  us,  when  we  remembei'  that  rippled  sands,  and 
the  cracts  in  clay  dried  between  high  and  low  water,  and  the  foot-tracks 
of  animals  and  rain-drops  impressed  on  mud,  and  other  superficial 
markings,  are  all  found  fossil  in  rocks  of  vaiious  ages. 

On  the  other  hand,  it  is  not  difficult  to  account  for  (he  absence  in 
many  districts  of  striated  and  scored  pebbles  and  boulders  in  glacial 
deposits,  for  they  may  have  been  exposed  to  the  action  of  the  waves  on 
a  coast  while  it  was  sinking  beneath  or  lising  above  the  sea.  No  shingle 
on  an  ordinary  sea-beach  exhibits  sucli  strise,  and  at  a  very  short  distance 
from  the  termination  of  a  glacier  every  stone  in  the  bed  of  the  ton'ent 
which  gushes  out  from  the  melting  ice  is  found  to  have  lost  its  glacial 
markings  by  being  rolled  for  a  distance  even  of  a  few  hundred  yards. 

The  usual  dearth  of  fossil  shells  in  glacial  clays  well  fitted  to  preserve 
orgauic  remains  may,  perhaps,  be  owing,  as  already  hinted,  to  the 

*  Biilletin  Soc,  Genl,  tie  Fnince,  lorn.  iv.  2de  s4r.  p.  1131. 
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absence  of  testacea  in  the  deep  sea,  where  the  undisturbed  a^eMmulation 
of  boulders  melted  out  of  very  large  bergs  may  take  place.  In  the 
jEgean  and  other  parte  of  the  Meditereanean,  the  zero  of  animal  life, 
according  to  Prof.  K  Forbes,  is  approached  at  a  depth  of  about  300 
fathoms.  In  tropical  seas  it  would  descend  iartlieT  down,  just  aa  vegeta- 
tion ascends  higher  on  tlie  mountains  of  hot  countries.  Near  the  pole, 
on  the  other  hand,  the  same  zero  would  be  reached  much  sooner  both 
on  the  hills  and  in  the  sea.  If  the  ocean  was  filled  with  floating  bergs, 
and  a  low  temperature  prevailed  in  the  northern  hemisphere  daring  the 
glacial  period,  even  the  shallow  part  of  the  sea  might  have  been  unin- 
habitable, or  very  thinly  peopled  with  living  beings.  It  may  also  be 
remarked  that  the  melting  of  ice  in  some  fioids  in  Norway  freshens  the 
water  so  as  to  destroy  marine  life,  and  famines  have  been  cansed  in  Ice- 
land by  the  stranding  of  icebergs  drifted  from  the  Greenland  coast, 
which  have  required  several  years  to  melt,  and  have  not  only  injured  tiie 
hay  harvest  by  cooUng  the  atmosphere,  hut  have  driven  away  the  fish 
from  the  shore  by  chilling  and  freshening  the  sea. 

If  the  cold  of  the  glacial  epoch  came  on  slowly,  if  it  was  long  before 
it  reached  its  greatest  intensity,  and  again  if  it  abated  gradually,  we  may 
expect  to  find  the  earliest  and  latest  formed  drift  less  barren  of  organic 
remains  than  that  deposited  during  the  coldest  period.  We  may  also 
expect  that  along  the  soutbera  limits  of  the  drift  during  the  whole  gla- 
cial epoch,  there  would  be  an  intimate  association  of  transported  matter 
of  northern  ori^n  with  fossil- bearing  sediment,  whether  marine  or  fi^sh- 
watei',  belonging  to  more  southern  seas,  rivers,  and  continents. 

That  in  the  United  Static,  the  Mastodon  gigan  teas  waa  very  abundant 
after  the  di'ift  period  is  evident  from  tiie  fact  that  entire  skeletons  of  this 
animal  are  met  with  in  bogs  and  lacustrine  deposits  occupying  hollows 
in  the  drift.  They  sometimes  occur  in  the  bottom  even  of  small  ponds 
recentiy  drained  by  the  agriculturist  for  the  sake  of  the  shell  marl.  1  ex- 
amined one  of  these  spots  at  Geneseo  in  the  sjate  of  New  York,  from 
which  the  bones,  skull,  and  tusk  of  a  Mastodon  had  been  procured  in 
the  marl  below  a  layer  of  black  peaty  eartii,  and  ascertained  that  all  the 
associated  freshwater  and  land  shells  were  of  a  species  now  common  in 
the  sajne  distiiet.  They  consisted  of  several  species  of  Lymnea,  of  Pla-- 
norhis  hicarinatus,  Fhyaa  heterosiropka,  &c 

In  1846  no  less  than  six  skeletons  of  the  same  species  of  Mastodon 
were  found  in  Warren  county,  New  Jersey,  6  feet  below  the  surface,  by 
a  farmer  who  was  digging  out  the  rich  mud  fi'om  a  small  pond  which 
he  had  drained,  Five  of  these  skeletons  were  lying  together,  and  a  lai^ 
part  of  the  bones  crumbled  to  pieces  as  soon  as  they  were  exposed  to  tiie 
air.  But  nearly  the  whole  of  the  other  skeleton,  which  lay  about  10 
feet  apart  from  the  I'eat,  was  preserved  entire,  and  proved  the  correctness 
of  Cuvier's  conjecture  respecting  this  extinct  animal,  namely,  that  it 
had  twenty  ribs  like  the  living  elephant.  From  tiie  clay  in  flie  interior 
within  the  ribs,  just  where  the  contents  of  the  stomach  might  mturiUy 
have  been  looked  for,  seven  bushels  of  vegetable  matter  wen  extracted 
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I  submitted  some  of  this  matter  to  Mr.  A.  Henfrey,  of  London,  for 
microscopic  examination,  and  he  informs  me  that  it  consists  of  pieces  of 
small  twigs  of  a  coniferous  ti'ee  of  the  Cjpreas  iamily,  probably  tlie  young 
shoots  of  the  white  cedar,  Thuja  ocddmtaKs,  still  a  native  of  North 
America,  on  which  therefore  we  may  conclude  that  this  extinct  Mastodon 
onco  fed. 

Anotlier  specimen  of  the  same  quadruped,  the  most  complete  and 
probably  the  largest  ever  found,  was  exhumed  in  1845  in  the  town  of 
Newburg,  New  York,  the  length  of  the  skeleton  being  25  feet,  and  its 
height  12  feet.  The  anehylosing  of  the  last  two  ribs  on  the  right  side 
afforded  Dr.  John  C.  Warren  a  true  gauge  for  the  space  occupied  by  the 
intervertebrate  substance,  so  as  to  enable  him  to  form  a  correct  estimate 
of  the  entire  length.  The  tusks  when  discovered  were  10  feet  long,  but 
a  part  only  could  be  preserved.  The  large  proportion  of  animal  matter 
in  the  tusk,  teeth,  and  bones  of  some  of  these  fossil  mammalia  is  truly 
astonishing.  It  amounts  in  some  cases,  sa  Dr.  C.  T.  Jackson  has  ascer- 
tained by  analysis,  to  27  pei'  cent.,  so  that  when  all  the  earthy  ingre- 
dients are  removed  by  acids,  the  form  of  ihs  bone  remains  as  perfect, 
and  the  mass  of  animal  matter  is  almost  as  firm,  as  in  a  recent  bone 
subjected  ia  similar  treatment 

It  would  be  radh,  however  to  infer  from  such  data  that  these  quadru- 
peds were  mired  in  modem  times,  unless  we  use  that  term  strictly  in  a 
geological  sense.  I  have  shown  that  there  is  a  fluviatile  deposit  in  the 
valley  of  the  Niagara,  containing  shells  of  the  genera  Melania,  Lymnea, 
PlmorUs,  Vcdvata,  Cydas,  fJnio,  and  Helix,  tfec,  all  of  recent  species, 
from  which  the  bones  of  the  great  Mastodon  have  been  taken  in  a  very 
perfect  state.  Yet  the  whole  excavation  of  the  ravine,  for  many  mites 
below  the  Falls,  has  been  slowly  effected  since  that  fluviatile  deposit  was 
thrown  down. 

Whether  or  not,  in  assigning  a  period  of  more  than  30,000  years  for 
the  recession  of  Hie  Falls  from  Queenstown  to  their  present  site,  I  have 
over  or  under  estimated  the  time  requii'ed  for  that  operation,  no  one  can 
doubt  that  a  vast  number  of  centuries  must  have  elapsed  before  so  gi'eat 
a  series  of  geographical  changes  were  brought  about  as  have  occurred 
since  the  entombment  of  this  elephantine  quadruped.  The  freshwatei' 
gravel  which  incloses  it  is  decidedly  of  much  more  modern  origin  than 
the  drift  or  boulder  day  of  the  same  region.* 

Other  extinct  animals  accompany  the  Mastodon  giganteus  in  the  postr- 
glacial  deposits  of  the  United  States,  among  which  the  Castoroides  ohi- 
oensis,  Foster  and  Wyman,  a  huge  rodent  alHed  to  the  beaver,  and  the 
Capyhara  may  he  mentioned.  But  whether  the  "loess,"  and  other 
freshwater  and  marine  strata  of  the  Southern  States,  in  which  skeletons 
of  the  same  Mastodon  are  mingled  with  the  bones  of  the  Megatherium, 
Mylodon,  and  Megalonyx,  were  contemporaneous  with  the  drift,  or  were 
of  subsequent  date,  is  a  chronological  question  still  open  to  discussion. 

*  See  Travels  in  K.  America,  vol,  i.  chap.  ii. 
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It  appears  cleai',  however,  from  what  we  know  of  the  tertiary  fossils  of 
Europe— and  I  helieve  the  same  will  hold  true  in  North  America— that 
many  species  of  testacea  and  some  mammalia,  which  existed  prior  to  tie 
glacial  epoch,  survived  that  era.  As  European  examples  among  the  warm- 
blooded quadrupeds,  the  Ulepkas  primigenius  and  Bhinoceros  tichorinus 
may  he  mentioned.  As  to  the  shells,  whether  freshwater,  terrestrial,  or 
marine,  they  need  not  be  enumerated  here,  as  allusion  will  be  made  to 
them  in  the  sequel,  when  the  pliocene  tertiary  fossils  of  Suffolk  are 
described.  The  fact  is  important,  as  refuting  the  hypothesis  that  the 
cold  of  the  glacial  period  was  so  intense  and  universal  as  to  annihilate 
all  Mving  creatures  throughout  the  globe. 

That  the  cold  was  greater  for  a  time  than  it  is  now  in  certain  parts  of 
Siberia,  Europe,  and  North  America,  will  not  be  disputed ;  bu^  before 
we  can  infei>  the  universality  of  a  colder  dimate,  we  must  ascertain  what 
was  the  condition  of  other  parts  of  the  northern,  and  of  the  whole  south  ■ 
em,  hemisphere  at  tiie  time  when  the  Scandinavian,  British,  and  Alpine 
erratics  were  transported  into  their  present  position.  It  miist  not  be  for- 
gotten that  a  great  deposit  of  drift  and  erratic  blocks  is  now  in  full  pro- 
gress of  formation  in  tie  southern  hemisphere,  in  a  zone  corresponding 
in  latitude  to  the  Baltic,  and  to  Northern  Italy,  Switzeriand,  France,  and 
England.  Should  the  uneven  bed  of  the  southern  ocean  be  hereafter 
converted  by  upheaval  into  land,  the  hiDs  and  valleys  will  be  strewed 
over  with  transported  fragments,  some  derived  from  the  antarctic  conti- 
nent, others  from  islands  covered  with  glaciers,  like  South  Georgia,  which 
must  now  be  centres  of  the  dispersion  of  drift,  although  situated  in 
a  latitude,  agreeing  with  that  of  tiie  Cumberland  mountains  in  Eng- 
land. 

Not  only  are  these  operations  going  on  between  the  45th  and  60th 
parallels  of  latitude  south  of  the  line,  while  the  corresponding  zone  of 
Europe  is  free  from  ice ;  but,  what  is  still  more  worthy  of  remark,  we 
find  in  the  southern  hemisphere  itself,  only  900  miles  distant  from  South 
GJeoi^a,  where  the  perpetual  snow  reaches  to  the  searbeach,  lands  covered 
with  forests,  as  in  Terra  del  Fuego.  There  is  here  no  difference  of  lati- 
tude to  aecoimt  for  the  luxuriance  of  vegetation  in  one  spot,  and  the 
absolute  want  of  it  in  the  other ;  but  among  other  refrfgerating  causes 
in  South  Georgia  may  be  enumerated  the  countless  icebeigs  which  float 
fi^om  the  antarctic  zone,  and  which  chOl,  as  they  melt,  the  waters  of  the 
ocean,  and  the  surrounding  air,  which  they  fill  with  dense.foga. 

I  have  endeavored  in  the  "Principles  of  Geology,"  chapters  7  and  8, 
to  point  out  the  intimate  connection  of  ehmate  and  the  physical  geogra- 
phy of  the  globe,  and  the  dependence  of  the  mean  annular  temperature, 
not  only  on  tiie  height  of  the  dry  land,  but  on  its  distidbution  in  high 
or  low  latitudes  at  particulai  epochs.  If,  for  example,  at  certain  periods 
of  the  past,  the  antarctic  land  was  less  elevated  and  less  extensive  tiian 
now,  while  that  at  the  north  pole  w^  higher  and  more  continuous,  the 
conditions  of  tiie  northern  and  southern  hemispheres  might  have  been 
the  reverse  of  what  we  now  witn^s  in  regard  to  climate,  although  the 
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mountains  of  Scandinavia,  Scotland,  and  Switaeriaiid,  may  have  lieeii 
less  elevated  than  at  present.  But  if  in  IjotJi  of  the  poiar  regions  a 
considerable  area  of  elevated  dry  land  esiat«d,  such  a  concucrenee  of  re- 
frigerating conditions  in  both  hemispheres  might  have  created  for  a  time 
an  intensity  of  cold  never  experienced  since ;  and  such  probably  was  the 
state  of  things  during  that  period  of  submergence  to  which  I  have 
aJIuded  in  this  chapter. 

Alpine  erratics. — Although  the  arctic  re^ons  constitute  the  great 
centime  from  which  erratics  have  travelled  southwards  in  aU  dii'eetions  in 
Europe  and  North  America,  yet  tliere  are  some  mountains,  as  I  have 
already  stated,  like  those  of  Nortli  Wales  and  the  Alps,  which  have 
served  as  separate  and  independent  centres  for  the  dispersion  of  blocks. 
In  illustration  of  this  fact,  the  Alps  deserve  particular  attention,  not  only 
from  their  magnitude,  but  because  they  lie  beyond  the  ordinaiy  limits  of 
the  "northern  drift"  of  Europe,  being  situated  between  the  44tii  and 
47th  degrees  of  north  latitude.  On  the  flanks  of  these  mountains,  and 
on  the  Subalpine  ranges  of  hills  or  plains  adjoining  them,  those  appear- 
ances which  have  been  so  otien  alluded  to,  as  distinguishing  or  accom- 
panying the  drift,  between  the  50th  and  TOth  parallels  of  north  latitude, 
suddenly  reappear,  to  assume  in  a  more  soutliem  country  theu  most 
exaggerated  form.  Where  the  Alps  are  highest,  the  lai^est  eri'atic  blocks 
have  been  sent  fordi,  as,  for  example,  from  the  regions  of  Mont  Blanc 
and  Monte  Rosa,  into  the  adjoining  parts  of  France,  Switie  Ian  1  Au  tna 
and  Italy,  while  in  districts  where  the  great  chain  sinks  n  altitud  as 
in  Oarinthia,  Oamiola,  and  elsewhere,  no  such  rocky  fng  t  o  a 
'  «  only,  and  of  smaller  bulk,  have  been  detached  and  t  aosp  rted  to  a 


In  the  year  I82I,  M,  Venetz  firet  announced  his  oj  n  n  tl  at  tl 
Alpine  glaciers  must  formerly  have  extended  far  beyond  th  j  es  t 
limits,  and  the  prools  appealed  to  by  Mm  in  confirmation  of  tl  is  !  t  n 
were  afterwards  acknowledged  by  M.  Charpentier,  who  t  ngthe  ed 
them  by  new  observations  and  ai^imenta,  and  declared,  in  1836,  his 
conviction  that  the  gladers  of  the  Alps  must  once  have  reached  as  far 
as  the  Jura,  and  have  carried  thither  then-  moraines  across  tlie  gi'eat 
valley  of  Switzerland.  M.  Agassiz,  aftei'  several  excursions  in  the  Alps 
with  M.  Charpentier,  and  after  devoting  himself  some  yeare  to  the  study 
of  glaciers,  published,  in  1840,  an  admirable  description  of  them,  and 
of  the  marks  which  attest  the  former  action  of  great  masses  of  ice  over 
the  entire  surface  of  the  Alps  and  f3ie  surrounding  country.*  He  pointed 
out  that  the  surface  of  every  large  glacier  is  strewed  over  with  gravel 
and  stones  detached  from  the  surrounding  precipices  by  frost,  rain,  light- 
ning, or  avalanches.  And  he  described  more  carefully  than  preceding 
writers  tlie  long  hnes  of  these  stones,  T\hich  settle  on  the  sides  of  tJie 
glacier,  and  are  called  the  lateral  moraines ;  tJiose  found  at  tlie  lower 
end  of  the  ice  beini^  called  terminal  moraines.     Such  heaps  of  eartli  and 

*  Agassiz,  Etudes  aur  les  GlaciepH. 
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boulders  every  ghieier  pushea  before  it  wben  advancing,  and  leaves 
behind  it  wben  retreating.  When  die  Alpine  glacier  leacbes  a  lower 
and  warmer  situation,  about  3000  or  4000  feet  above  tbe  sea,  it  melts 
30  rapidly  tbat,  in  spite  of  tie  downward  movement  of  fbe  mass,  it  can 
advance  no  farther.  Its  precise  limits  are  variable  irom  year  to  yeaj-, 
and  still  more  so  from  ceatury  to  century ;  one  example  being  on  record 
of  a  recession  of  half  a  mile  in  a  single  year.  We  also  leam  from  M. 
Venetz,  that  wbereas,  between  tlie  eleventh  and  fifteentb  centuries,  aJI 
the  Alpine  glaciers  were  less  advanced  tban  now,  they  began  in  tlie 
seventeenth  aad  eighteenth  centimes  to  push  forward  so  as  to  cover 
roads  formerly  open,  and  to  ovenvlieUn  forests  of  andent  growth. 

These  oscillations  enable  the  geologist  to  note  the  marks  which  thej' 
leave  behind  them  as  they  retrograde,  and  among  these  the  mcst  promi- 
nent, as  before  slated,  are  the  terminal  moraines,  or  mounds  of  nnstrati- 
fled  earth  and  stones,  often  divided  by  snbsequent  floods  into  hillocks, 
which  cross  the  valley  lite  ancient  eailh-works,  or  embankments  made 
to  dam  up  the  river.  Some  of  these  transverse  barriers  were  formerly 
pointed  out  by  Sanssure  below  the  glacier  of  the  Rhone,  as  proving  how- 
far  it  had  once  transgressed  its  present  boundaries.  On  these  moraines  we 
see  many  large  angular  fragments,  which,  having  been  earned  along  on  the 
sui'face  of  the  ice,  have  not  had  their  edges  worn  off  by  fiietion  ;.butthe 
greater  niimber  of  the  boulders,  even  those  of  large  size,  have  been  well 
rounded,  not  by  the  power  of  water,  but  by  the  mechanical  force  of  the 
ice,  which  has  pnshed  them  against  each  other,  or  against  tlie  rocks 
flanking  the  vailey.  Otlievs  have  fallen  down  the  numerous  fissures 
whidi  intersect  the  glacier,  where,  being  subject  to  tlie  pressure  of  the 
whole  mass  of  ice,  they  have  been  forced  along,  and  either  well 
rounded  or  gionnd  down  into  sand,  or  even  the  finest  mud,  of  which 
the  moraine  is  lai^ly  constituted. 

As  the  terminal  moraines  are  the  most  prominent  of  all  the  monu- 
ments left  by  a  receding  glader,  so  are  they  the  most  Mable  to  oblitera- 
tion ;  for  violent  fioods  or  debacles  are  often  occasioned  in  the  Alps  by 
the  sudden  biirsting  of  what  are  called  glaeier-lakes.  These  temporary 
sheets  of  water  are  caused  by  the  damning  up  of  a  river  by  a  glacier 
which  has  increased  during  a  succession  of  cold  sevens,  and  descending 
from  a  tributary  into  the  main  valley,  has  crossed  it  fram  side  to  side. 
On  the  failure  of  this  icy  barrier,  tlie  accumulated  waters  are  let  loose, 
which  sweep  away  and  level  all  transverse  mounds  of  gravel  and  loose 
boulders  below,  and  spread  their  materials  in  confused  and  irregular  beds 
over  the  river-plain. 

Another  mark  of  the  former  action  of  glaciere,  in  situations  where 
they  exist  no  longer,  is  the  polished,  stiiatwl,  and  grooved  surfaces  of 
rocks  already  alluded  to.  Stones  which  lie  imdemeath  the  glacier  and 
are  pushed  along  by  it,  sometimes  adhere  to  the  ice,  and  as  the  mass 
glides  slowly  along  at  the  rate  of  a  few  inches,  or  at  the  utmost,  two  or 
three  feet,  per  day,  abrade,  groove,  and  polish  the  rock,  and  the  larger 
blocks  are  reciprocally  grooved  and  polished  by  the  rock  on  their  lower 
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sides.  AiS  the  forces  both  of  pressure  and  propulsion 
sand,  acting  like  emery,  polishes  ihe  surface ;  the  pebbles,  like  c 
gi-ayers,  scratch  and  fiirrow  it;  and  the  laige  stones  scoop  out  grooves 
in  it.  Another  eiFect  also  of  this  action,  not  yet  adverted  to,  is  called 
"  roches  moutonn^ts."  Projecting  eminences  of  rock  are  smoothed  and 
worn  into  the  shape  of  flattened  domes,  where  the  glaeiers  have  passed 

Although  the  surface  of  almost  every  kind  of  rock,  when  exposed  in 
the  open  air,  wastes  away  by  decomposition,  yet  some  retain  for  ages 
(leir  polished  and  furrowed  esterior ;  and,  if  they  are  well  protected  by 
a  covering  of  day  or  hirf;  these  marks  of  abrasion  seem  capable  of 
enduring  forever.  They  have  been  tjaced  in  the  Alps  to  great  heights 
above  the  present  glaciers,  and  to  great  horizontal  distances  beyond 
them. 

There  are  also  found,  on  the  sides  of  the  Swiss  valleys,  round  and 
deep  holes,  with  polished  sides,  such  holes  as  waterfalls  mate  in  the 
solid  rode,  bnt  in  places  remote  from  running  waters,  and  where  the  form 
of  the  surfeee  will  not  permit  us  fo  suppose  that  any  cascade  could  ever 
have  existed.  Similar  cavities  are  common  in  hard  rocks,  such  as  gneiss, 
in  Sweden,  where  they  are  called  giant  caldrons,  and  are  sometimes  10 
feet  and  more  in  depth ;  but  in  the  Alps  and  Jnra  they  often  pass  into 
spoon-shaped  excavations  and  prolonged  gutters.  "We  learn  from  M. 
Agassiz  that  hollows  of  this  form  are  now  cut  out  by  streams  of  water, 
whiph  flow  along  the  surface  of  glaciers,  and  then  fall  into  fissures  whicli 
are  open  to  the  bottom.  Hei'e,  forming  a  cascade,  the  stream  cuts  a 
round  cavity  in  the  rock  with  the  gravel  and  sand,  which  it  either  finds 
there  or  carries  down  with  it,  and  causes  to  rotate ;  and,  as  it  iisually 
happens  that  the  glacier  is  advandng,  a  locomotive  cascade  is  pi'oduced, 
which  converts  the  first  drcular  hole  into  a  deep  gi'oove. 

Another  effect  of  a  glader  is  to  lodge  a  ring  of  stones  round  the  sum- 
mit of  a  conical  peak  which  may  happen  to  project  through  the  ica  If 
the  gladei-  is  lowered  gi'eatly  by  melting,  these  drcles  of  large  angulai' 
fragments,  which  are  called  "  perched  blocks,"  are  left  in  a  dngular  situa- 
tion near  the  top  of  a  steep  hill  or  pinnacle,  the  lower  parts  of  which 
may  be  destitute  of  bonlders.  ■• 

Alpine  blocks  on  Hie  Jura. — Now  some  or  all  the  marks  above  enu- 
merated,— the  moraines,  erratics,  polished  surfaces,  domes,  strije,  cal- 
drons, and  perched  rocks,  are  observed  in  the  Alps  at  great  heights 
above  the  present  gladers,  and  far  bdow  thdr  actual  extremities ;  also 
in  the  great  valley  of  Switzeriand,  50  miles  broad  ;  and  almost  every- 
where on  the  Jura,  a  chain  which  lies  to  the  north  of  this  valley.  n»e 
average  height  of  the  Jura  is  about  one-third  that  of  the  Alps,  and  i« 
now  entirely  destitute  of  glaciers,  yet  it  presents  almost  eierynhere 
similar  moraines,  and  the  same  pohshed  and  grooved  surfaces  ind  water 
worn  cavities.  The  eiTatics,  moreover,  which  cover  it,  present  i  phenom 
enon  which  has  astonished  and  perplexed  the  geologist  for  moie  thin 
half  a  century.     KTo  conclusion  can  be  more  incontestible  than  thit  these 
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angular  blocks  of  gcanite,  gneiss,  and  othei'  ciystalline  foimations,  oarae 
fi-om  the  Alps,  and  that  they  have  been  brought  for  a  distance  of  50 
miles  and  upwards  across  one  of  the  widest  and  deepest  valleys  of  the 
world,  BO  that  they  are  now  lodged  on  the  bills  and  valleys  of  a  chain 
composed  of  limestone  and  other  foimations,  altogether  distinct  irom 
those  of  the  A\]>s.  Their  great  size  and  angularity,  after  a  journey  of  so 
many  leagues,  has  justly  excited  wonder ;  for  hundreds  of  them  are  as 
large  as  cottages ;  and  one  in  particular,  celebrated  mider  the  name  of 
PieiTe  a  Bot,  rests  on  the  side  of  a  hill  about  900  feet  above  the  late 
of  Neufchatel,  and  is  no  less  than  40  feet  in  diameter. 

It  will  be  remarked  that  these  blocks  on  the  Jura  offer  an  exception 
to  the  rule  before  laid  down,  as  applicable  in  general  to  eiTaties,  since 
they  have  gone  from  south  to  north.  Some  of  the  largest  masses  of 
granite  and  gneiss  have  been  found  to  contain  60,000  and  60,000  cubic 
feet  of  stone,  and  one  limeatone  block  near  Devens,  which  has  travelled 
30  miles,  contains  161,000  cubic  feet,  its  angles  being  sharp  and  unworn.* 

Von  Buch,  Escher,  and  Studer  have  shown,  from  an  examination  of  ■ 
the  mineral  composition  of  the  boulders,  that  those  on  the  western  Jura, 
near  Neufchatel,  have  come  from  the  region  of  Mont  Blanc  and  the 
Valais ;  those  on  the  middle  parts  of  tlie  Jura  from  the  Bernese  Ober- 
land ;  and  those  on  the  eastern  Jura  from  the  Alps  of  the  small  cantons, 
Glaiis,  Schwyta,  Uri,  and  Zug.  The  blocks,  therefore,  of  these  three 
great  districts  have  been  derived  ft'om  parts  of  the  Alps  nearest  to  the 
localities  in  the  Jura  where  we  now  find  them,  as  if  they  had  crossed 
the  great  valley  in  a  direction  at  right  angles  to  its  length  ;  the  most 
western  stream  having  followed  the  course  of  tlie  Khone ;  the  central, 
that  of  tlie  Aar ;  and  the  eastern,  that  of  the  two  great  rivers,  Renss 
and  Limmat.  The  non-intermixture  of  these  groups  of  travelled  frag- 
ments, except  near  tlieir  confines,  was  always  regai'ded  as  most  enig- 
matical by  those  who  adopted  the  opinion  of  Saussure,  that  they  were 
all  whirled  along  by  a  rapid  current  of  muddy  watei'  rushing  from  the 
Alps. 

M.  Charpentier  iiist  suggested,  as  before  mentioned,  that  the  Swiss 
glaciers  once  reached  continuously  to  the  Jura,  and  conveyed  to  them 
Uieae  erratics;  but  at  the  same  time  he  conceived  that  the  Alps  were 
foimerly  higher  than  now.  M.  Agasaiz,  on  the  other  hand,  instead  of 
introducing  distinct  and  separate  glaciers,  imagines  that  the  whole  valley 
of  Switzerland  was  filled  with  ice,  and  that  one  great  sheet  of  it  ex- 
tended irom  the  Alps  to  the  Jura,  when  the  two  chains  were  of  the  same 
height  as  now  relatively  to  each  other.  Such  an  hypothesis  labors  under 
tbisdifficulty,  that  the  difference  of  altitude,  when  distributed  over  a  space 
of  50  miles,  gives  an  inclination  of  no  more  than  two  degrees,  or  far  less 
than  that  of  any  known  glaciers.  It  has,  however,  since  received  the  able 
support  of  Professor  James  Forbes,  in  his  excellent  work  on  the  Alps, 
published  in  1843. 

*  Arohiac,  Hiat.  des  Progrfis,  &a.  vol.  il.  p.  249. 
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In  the  theory  which  I  fonnerlj  advanced,  jointly  with  Mr.  Darwin,* 
it  was  suggested  that  the  erratics  may  have  heen  transferred  by  floating 
ice  to  the  Jura,  at  the  time  wlien  the  greater  part  of  that  chain,  and  tite 
whole  of  the  Swiss  valley  to  the  south,  was  under  the  sea.  At  that 
peiiod  the  Alps  may  have  attained  only  half  their  present  altitude,  and 
may  yet  have  constituted  a  chain  as  lofty  as  the  Chilian  Andes,  which, 
in  a  latitude  coiTesponding  to  Switzerland,  now  send  down  glaciers  to 
the  head  of  every  sound,  from  which  icebergs,  covered  with  blocks  of 
granite,  are  floated  seaward.f  Opposite  that  part  of  Chili  where  the 
glaciers  abonnd  is  situated  the  island  of  Ohiloe,  100  miles  in  length,  with 
a  breadth  of  30  niilea,  running  parallel  to  the  continent.  The  channel 
which  separates  it  from  the  main  laud  is  of  considerable  depth,  and  2S 
miles  broad.  Pai'is  of  its  surface,  like  the  adjacent  coast  of  Chili,  are 
overspread  with  recent  marine  shells,  showing  an  upheaval  of  the  land 
during  a  veiy  liiodem  period ;  and  beneath  these  shells  is  a  boulder 
deposit,  in  which  Mr.  Darwin  fonnd  lai^  travelled  blocks.  One  group 
■  of  fragments  were  of  granite,  which  had  evidently  come  from  the  Andes, 
while  in  another  place  angular  blocks  of  syenit«  were  met  with.  Their 
arrangement  may  have  been  due  to  successive  crops  of  icebergs  issuing 
from  different  sounds,  to  tfa.e  heads  of  which  glaciers  descend  from  the 
Andes.  These  icebergs,  taking  their  departure  year  after  year  from 
distinct  points,  may  have  been  stranded  repeatedly,  in  equally  distinct 
groups,  in  bays  or  creeks  of  Chiloe,  and  on  islets  off  the  coast,  so  as 
afterwards  to  appear,  some  on  hills  and  othefs  in  valleys,  when  that 
country  and  the  bed  of  the  adjacent  sea  had  been  upheaved.  A  contin- 
uance in  future  of  the  clevatory  movement,  in  the  region  of  the  Andes 
and  of  Chiloe,  might  cause  the  foimer  chain  to  rival  the  Alps  in  altitude, 
and  give  to  Chiloe  a  height  equal  to  that  of  the  Jura.  The  same  lise 
might  dry  up  tlie  channel  between  Chiloe  and  the  main  land,  so  that  it 
would  then  represent  the  great  valley  of  Switzerland.  In  the  course  of 
these  changes,  all  parts  of  Chiloe  and  the  inteiTening  strait,  having  in 
their  turn  been  a  sea'^hore,  may  have  been  polished  and  scratched  by 
coast>-ice,  and  by  innumerable  icebergs  mnning  aground  and  gTating  on 
the  bottom. 

If  we  apply  this  hypothesis  to  Switzerland  and  the  Jura,  we  are  by  no 
means  preelnded  from  the  supposition  that,  in  proportion  as  the  land 
acquired  additional  height,  and  the  bed  of  tlie  sea  emerged,  the  Jnra 
itself  may  have  had  its  glaciers ;  and  those  existing  in  tlie  Alps,  which 
had  at  first  extended  to  the  sea,  may,  during  some  part  of  the  period  of 
upheaval,  have. been  prolonged  much  farther  info  the  valleys  than  now. 
At  a  later  period,  when  the  climate  grew  milder,  these  gladere  may  have 
entirely  disappeared  from  the  Jura,  and  may  have  receded  in  the  Alps 
to  their  present  limits,  leaving  behind  them  in  both  districts  those 
s  which  now  attest  tJie  fonner  extension  of  Uie  ice.]; 


*  See  Elementa  of  Seology,  2d  ed.  18*1. 
}:  More  rpceiitly  Sir  IL  Murchieor,  having  n 
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Meteorites  in  drift. — Before  concluding  my  remarks  on  the  Dortlievti 
drift  of  the  Old  World,  I  sbal!  refer  to  a  fact  recently  announced,  the 
diacovery  of  a  meteoric  stone  at  a  gi-eat  depth  in  the  alluvium  of  North- 

Erman,  in  his  Archives  of  Kussia  for  1841  (p.  314),  dtes  a  very  cir- 
cumstantial account  drawn  up  hy  a  Russian  miner  of  the  finding  of  a 
mass  of  meteoric  ii'Oii  in  the  aurifa^oua  alluvium  of  the  Altai.  Some 
small  fragments  of  native  iron  were  fii^t  met  with  in  the  gold-washings 
of  Peti'opawlowsker  in  the  Mrassker  Circle ;  but  though  they  atti'acted 
attention,  it  was  supposed,  that  they  must  have  been  broken  off  from  the 
tools  of  the  wortmen.  At  length,  at  tie  depth  of  31  feet  5  inches  from 
tlie  surface,  they  dug  out  a  piece  of  iron  weighing  11^  pounds,  of  a 
steel-gray  color,  somewhat  haider  than  ordinary  iron,  and,  on  analyzing 
it,  found  it  to  consist  of  native  iron,  with  a  small  proportion  of  nickel,  as 
usual  in  meteoric  stones.  It  was  buried  in  tiie  bottom  of  the  deposit 
where  the  gravel  rested  on  a  fla^y  limestone.  Much  brown  iroa  ore, 
aa  well  as  gold,  occurs  in  the  sand  gravel,  which  appears  to  be  part  of 
that  extensive  auriferous  formation  in  which  the  hones  of  the  mammoth, 
the  Hhinoceros  tickorhinus,  and  other  extinct  quadrupeds  abound.  No 
sufficient  data  are  suppHed  to  enable  ua  to  determine  whether  it  be  of 
Post-Plioeene  or  Wewer  Pliocene  date. 

We  ought  not,  I  think,  to  feel  surprise  that  we  have  not  hithei'to 
succeeded  in  defecting  the  signs  of  such  aerolites  in  older  rocks,  for, 
besides  their  rarity  in  our  own  days,  those  which  fell  into  tiie  sea  (and  it 
is  with  marine  strata  that  geologists  have  usually  to  deal),  being  chiefly 
composed  of  native  iron,  would  rapidly  enter  into  new  chemical  combi- 
nations, the  water  and  mud  being  charged  with  chioride  of  sodium  and 
other  salts,  "We  iind  that  anchors,  cannon,  and  other  cast-iron  imple- 
ments which  have  been  buried  for  a  few  hundred  years  off  our  English 
coast  have  decomposed  in  part  or  entirely,  turning  the  sand  and  gravel 
which  inclosed  them  into  a  conglomerate,  cemented  together  by  oxide  of 
iron.  In  like  manner  meteoric  iron,  although  its  rusting  would  be  some- 
what checked  by  the  alloy  of  nickel,  coiild  scarcely  ever  fail  to  decompose 
in  the  course  of  tiiousands  of  yeaiis,  becoming  oxide,  sulphuret,  or  car- 
bonate of  iron,  and  its  origin  being  then  no  longer  distinguishable.  The 
gi'eater  the  antiquity  of  rocks, — tiie  oftener  they  have  been  heated  and 
cooled,  permeated  by  gases  or  by  the  waters  of  the  sea,  the  atmosphere 
or  mineral  springs,— the  smaller  must  be  the  cliance  of  meeting  witii  a 
mass  of  native  iron  unaltered ;  but  the  preservation  of  the  ancient 
meteorito  of  the  Altai,  and  the  presence  of  nickel  in  these  curious  bodies, 
renders  the  recognition  of  them  in  deposits  of  remote  periods  less  hope- 
less than  we  might  have  antidpated. 

opinion  that  "  the  great  granitic  hlocka  of  Mont  Blaticwere  franalated  to  the  Jura 
when  the  intermediate  oountrj  waa  under  water." — Paper  read  to  Geol.  Soc. 
London,  May  30,  1349. 
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Chl-ouologital  claBBJfication  of  Pleistocene  formaijons,  why  difficult — Freshwater 
depoaita  in  valley  of  Thamea — In  Norfolk  difla — In  Patagonia — Comparatire 
longevity  of  apeeies  in  the  innramsilia  and  testacea — FiuTio-maiine  crag  of 
Norwich — Newer  Pliocene  strata  of  Sicily — Limestone  of  great  thiokneaa  and 
eleyation — Altemation  of  marine  and  volcanic  formations — Proofa  of  slow  accu- 
mulation— Great  gengrapbical  changes  in  Sicily  since  tha  living  fauna  and  flora 
began  to  exist— Osseous  brecciaa  and  cavern  deports — Sicily — Eirkdale — 
Origin  of  stalactite— AuBttalian  cave-brecciaa — Geogi'apMoal  relationship  of  tie 
provinces  of  living  vertebrata  and  those  of  the  ftisBil  apedes  of  the  Pliocene 
periods — Extinct  Btnithioue  birda  of  New  Zealand — Teeth  of  fossil  quadrnpeda. 

HiviNo  in  the  last  chapter  treated  of  the  boulder  formation  and  its 
associated  freshwater  and  marine  strata  as  belonging  chiefly  to  the  close 
of  the  Newer  Pliocene  period,  we  may  now  proceed  to  other  deposits  of 
the  same  or  nearly  the  same  age.  It  should,  however,  be  staf«d  that  it 
is  difficult  to  draw  the  line  of  separation  between  these  modem  forma- 
tions, especially  when  ws  are  called  upon  to  compare  deposits  of  maiine 
and  freshwater  origin,  or  these  again  with  the  ossif^ous  confflnts  of 
caverns. 

If  as  oilen  as  the  carcasses  of  quadnipeds  were  buried  in  alluviutn 
during  floods,  or  mired  in  swamps,  or  imbedded  in  lacustrine  strata,  a 
stream  of  lava  had  descended  and  presei'ved  the  alluvial  or  freshwater 
deposits,  as  frequently  happened  in  Auvergne  (see  above,  p.  80),  keeping 
them  free  from  intermixture  with  strata  subsequently  formed,  then  indeed 
the  task  of  arranging  chronologically  tlie  whole  series  of  mammaliferous 
formations  might  have  been  easy,  even  tliough  many  species  were 
common  to  several  successive  groups.  But  when  there  have  been 
oscillations  in  the  levels  of  t]ie  land,  accompanied  by  the  widening  and 
deepening  of  valleys  at  more  tiian  one  period, — when  tiie  same  surface 
has  sometimes  been  submeiged  beneath  the  sea,  after  supporting  forests 
and  land  quadrupeds,  and  then  raised  again,  and  subject  during  each 
change  of  level  to  sedimentary  deposition  and  partial  denudation,— and 
when  the  drifting  of  ice  by  marine  currents  or  by  rivei's,  during  an  epoch 
of  intense  cold,  has  for  a  season  interfered  with  the  ordinary  mods  of 
transport,  or  with  the  geographical  range  of  species,  we  cannot  hope 
speedily  to  extricate  ourselves  from  the  confteion  in  which  the  classifica- 
tion of  these  Pleistocene  formations  is  involved. 

At  several  points  in  the  valley  of  the  Tharoes,  remnants  of  ancient 
fluviatile  deposits  occur,  which  may  differ  considerably  in  age,  although 
the  imbedded  land  and  freshwater  shells  in  each  are  of  recent  species. 
At  Brentford,  for  example,  the  bones  of  the  Sibenan  Mammoth,  or 
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Elephas  primigeniuSf  and  the  Rhinoceroa  tichorhmus,  both  of  them  quad- 
fupeda  of  which  the  fieah  and  hair  have  been  found  preserved  in  the 
froaen  soil  of  Siberia,  occur  abundantly,  with  the  bones  of  an  hippopot- 
amus, aurochs,  short-horned  ox,  red  deer,  reindeer,  and  great  cave-tiger 
or  lion.*  A  similar  group  has  been  found  fossil  at  Maidstone,  in  Kent, 
and  otJier  places,  agreeing  in  general  specifically  with  the  fossil  bones 
detected  in  the  caverns  of  England.  When  we  see  the  existing  reindeer 
and  an  extinct  hippopotamus  in  the  same  fluviatile  loam,  we  are  tempted 
to  indulge  onf  imaginations  in  speculating  on  the  dimatal  conditions 
which  could  have  enabled  tiieae  genera  to  coexist  in  the  same  region. 
Wherever  there  is  a  continuity  of  laad  from  polar  to  temperate  and  equa- 
torial regions,  there  will  always  he  points  where  the  southern  limit  of  an 
arctic  species  meets  the  northern  range  of  a  southern  species ;  and  if  oiie 
or  botii  have  migratory  habits,  like  the  Bengal  tiger,  the  American  bison, 
the  musk  os,  and  others,  they  may  each  penetrate  mutually  far  into  the 
respective  provinces  of  the  other.  There  may  also  have  been  several 
oscillations  of  temperature  during  the  periods  which  immediately  pre- 
ceded and  foUowed  the  more  intense  cold  of  the  glacial  epoch. 

The  strata  bordering  the  left  bant  of  the  Thames  at  Grays  Thurroftk, 
in  Essex,  are  probably  of  older  date  than  those  of  .Brentford,  although 
tiie  associated  land  and  freshwater  shells  are  nearly  all,  if  not  all,  identi- 
cal with  species  now  living.  Three  of  the  sheila,  however,  are  no  longer 
inhabitants  of  Great  Britain ;  namely,  Paludina  marginata  {fig,  112,  p. 
121),  now  living  in  France;  Unio  littoralk  (flg.  29,  p.  28),  now  inhab- 
iting the  Loire;  and  Cyrena  consobrina  (fig.  26,  p.  28).  The  last- 
mentioned  fossil  (a  recent  Egyptian  shell  of  the  Nile)  is  very  abundant 
at  Grays,  and  deserves  notice,  because  the  genus  Cyrena  is  now  no  longer 
European. 

The  rhinoceros  occurring  in  the  same  beds  {R.  leptorhimis,  see  fig. 
131,  p.  160),  is  of  a  different  species  from  that  of  Brentford  above  men- 
tioned, and  the  accompanying  elephant  belongs  to  the  variety  called 
Sllephaa  meridionalis,  which,  according  to  MM,  Owen  and  H.  von  Meyer, 
two  high  authorities,  is  the  same  species  as  the  Siberian  mammoth, 
although  some  naturalists  regard  it  as  distinct.  With  the  above  mam- 
malia is  also  found  the  Mippopotamits  major,  and  what  is  most  remai'k- 
able  in  so  modern  and  northern  a  deposit,  a  monkey,  called  by  Owen 
Macaeus  plioeenus. 

The  submerged  forest  ah'eady  alluded  to  (p.  130)  as  underlying  the 
drift  at  the  base  of  the  elife  of  Norfolk  is  associated  with  a  bed  of  lignite 
and  loam,  in  which  a  great  number  of  fossil  bones  occur,  apparenUy  of 
the  same  group  as  that  of  Grays,  just  mentioned.  It  has  sometimes 
been  called  "the  Elephant  bed."  One  portion  of  it,  which  stretches  out 
under  the  sea  at  Happisbiirgh,  was  overgi'own  in  1820  by  a  bank  of 
recent  oysters,  and  there  the  fishei-men  dredged  up,  according  to  Wood- 
ward, in  the  ooiwse  of  thirteen  years,  together  with  the  oysters,  above 

«  Morria,  Geol,  Soc.  Proceed,  1S40, 
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2000  maramotlia'  grinders.*  Aiiottei'  portion  of  lie  same  continuous 
stratum  has  yielded  at  Baeton,  Cromer,  and  otlier  pWes  on  the  coast, 
the  bones  of  a  gigantic  heaver  (Troffmtherium  Cuvierii,  Fischer),  as  well 
as  the  ox,  horse,  and  deer,  and  both  spedea  of  rhinoceros,  R.  ticTwrhinua 
and  R.  leptorhmus. 

In  studying  these  and  various  other  similar  assemblages  of  fossils,  we 
have  a  good  exemplification  of  the  more  rapid  rate  at  which  the  mam- 
miferous  finrna,  as  compared  to  the  testaceous,  diverges  when  traced 
backwards  in  lime  fi'om  the  recent  type.  I  have  before  hinted,  that  the 
longevity  of  species  in  the  class  of  warm-blooded  quadiupeda  is  less 
great  than  in  that  of  fte  mollusca,  the  latter  having  probably  more 
capacity  for  enduring  those  changes  of  climate  and  otiiei'  external  cii'- 
eumstanees  which  take  place  in  the  course  of  ages  on  the  earth's  surface. 
This  phenomenon  is  by  no  means  confined  to  Europe,  for  Mr.  Danvin 
found  at  Bahia  Blanea,  in  South  America,  lat.  39°  S.,  near  fbe  northern 
confines  of  Patagonia,  fossil  remains  of  the  estinot  mamraiferous  genera 
Megatherium,  Megalonyx,  Toxodon,  and  others,  associated  with  shells, 
almost  all  of  spedea  already  ascertained  to  be  still  living  in  the  contigu- 
ous sea  ;|  the  marine  mollusca,  as  well  as  those  of  rivers,  lakes,  or  the 
land,  having  died  out  more  slowly  than  the  terrestrial  mammalia. 

I  alluded  before  (p.  125)  to  certain  marine  strata  overlying  till  near 
Glasgow,  and  at  other  points  on  the  Clyde,  in  which  the  shells  are  for 
the  most  part  British,  with  an  intermixture  of  some  arctic  species ; 
while  others,  about .  a  tenth  of  the  whole,  are  supposed  to  be  extinct. 
This  formation  may  also  be  called  Newer  Pliocene. 

Flwvio-marvae  erag  of  Nonoich. — At  several  places  within  five  miles 
of  Norwich,  on  both  banks  of  tie  Yare,  beds  of  sand,  loam,  and  gravel, 
provineiaJIy  termed  "  crag,"  occur,  in  which  there  is  a  mixture  of  marine, 
land,  and  freshwater  shells,  with  ichtiyohtes  and  bones  of  mammalia. 
It  is  clear  tiat  these  beds  have  been  accumulated  at  the  bottom  of  the 
sea  near  the  mouth  of  a  river.  They  form  patches  of  variable  thickness, 
rating  on  white  chalk,  and  are  covered  by  a  dense  mass  of  stratified 
flint  gravel.  The  surface  of  the  chalk  is  often  perforated  to  the  depth  of 
several  inches  hj  the  Phola»  erispata,  each  fossil  shell  still  remaining  at 
the  bottom  of  its  cylindrical  cavity,  now  filled  up  with  loose  sand  which 
has  fellen  from  the  incumbent  crag.  This  species  of  Pholas  still  exists 
and  drills  the  rocks  between  high  and  low  water  on  the  British  coast. 
The  most  common  shells  of  these  strata,  such  as  Fusus  slrialus,  Tur- 
riulla  terebra,  OaTdmm  edule,  and  Oyprina,  islandica,  are  now  abundant 
in  the  British  seas ;  but  with  them  are  some  extinct  species,  such  as 
Nucula  Cobboldice  (fig.  120)  and  Tellina  obliqua  (fig.  121).  N^atica 
kelicoides  (fig.  122)  is  an  example  of  a  species  formerly  known  only  as 
fossil,  but  whicli  has  now  been  found  Mving  in  Our  seas. 

Among  the  accompanying  bones  of  mammalia  is   the  Mastodon 

*  WMidward'a  Geology  of  Norfolk. 
f  ZooL  of  BeBfle,  part  1,  pp.  9,  111. 


-=b,Google 


KORWICH   CEAn PLEISTOCENE. 


angtisfiiletis*  (see  fig.  130),  a  portion  of  the  upper  jaivbone  with  a  tooth 
having  been  found  by  Mr.  Wigham  at  Postwiok,  near  Norwich.  As 
this  species  lias  also  been  found  in  the  Red  Crag,  both  at  Sutton  and  at 
Pelixstow,  and  had  hitherto  been  regarded  as  charaoteiistic  of  formations 
older  tlian  the  Pleistocene,  it  may  possibly  have  been  washed  out  of  the 
Ked  into  the  Norwich  Crag. 

Among  the  bones,  however,  respecting  the  antlientidty  of  which  there 
seems  no  doubt,  may  be  mentioned  those  of  the  elephant,  horse,  pig, 
deer,  and  the  jaws  and  teefii  of  field  mice  (fig.  141);  I  have  seen  the 
tusk  of  an  elephant  fi^jm  Bramerton  near  Norwich,  to  which  many 
serpuliB  wei'e  attached,  showing  that  it  had  lain  for  some  time  at  the 
bottom  of  the  sea  of  the  Norwich  Crag. 

At  Thorpe,  near  Aldborough,  and  at  Southwold,  in  Suffolk,  this  fiuvio- 
marine  formation  is  well  exposed  in  the  sea-elifls,  consisting  of  sand, 
shingle,  loam,  and  laminated  clay.  Some  of  the  strata  there  bear  tlie 
marts  of  tranquil  deposition,  and  m  one  section  a  thickness  of  40  feet 
is  sometimes  exposed  to  view.  Some  of  the  lamelli-branchiate  sheUs  have 
both  valves  united,  although  mixed  with  land  and  freshwater  testacea, 
and  with  the  bones  and  teeth  of  elephant,  rhinoceros,  horse,  and  deer. 
Captain  Alexander,  with  whom  I  examined  these  strata  in  1835,  showed 
me  a  bed  rich  in  marine  shells,  in  which  he  had  found  a  large  specimen 
of  the  FuBtis  slriaius,  filled  with  sand,  and  in  the  interior  of  which  was 
the  tooth  of  a  horse. 

Among  the  freshwater  shells  I  obtained  the  C'yrena  emisobiina  (fig.  26, 
p.  28),  before  mentioned,  supposed  to  agree  with  a  species  now  living  in 
the  Nile. 

I  formerly  classed  the  Norwich  Crag  as  older  Pliocene,  conceiving  that 
moi-e  than  a  third  of  the  fossil  testacea  were  extinct ;  but  there  now 
seems  good  reason  for  believing  tiiat  several  of  the  rarer  sheila  obf^ned 
from  these  strata  do  not  really  belong  to  a  contemporary  feuna,  but  have 
been  washed  out  of  the  older  beds  of  the  "  Bed  Crag ;"  while  other 
species,  once  suppose<l  to  have  died  out,  have  lately  been  met  with  living 
ia  the  British  seas.  According  to  Mr.  Searles  Wood,  the  total  number 
of  marine  specie  does  not  exceed  seventyisds,  of  which  one  tenth  only 
are  extinct.  Of  the  fourteen  associated  fi'eshwater  shells,  all  the  species 
appear  to  be  living.  Strata  containing  the  same  shells  as  those  near 
Norwich  have  been  found  by  Mr.  Bean,  at  Bridlington,  in  Torishire. 

*  Owen,  Brit.  Fobs.  Mamm.  Stl.     Mastodon  longirostris,  Kaup,  ase  ibid. 
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Newer  Pliocene  Strala  of  Sicily.—In  no  part  of  Europe  ai'e  tlie  Newer 
Pliocene  formations  seen  to  enter  so  largely  into  the  structure  of  the 
earth's  crust,  or  to  rise  to  such  heights  above  the  level  of  the  sea,  as  in 
Sicily,  They  cover  nearly  half  the  island,  and  neai-  its  centre,  at  Cas- 
trogiovanni,  tliey  reach  an  elevation  of  8000  feet.  They  consist  princi- 
pally of  two  divisions,  the  upper  calcareous,  the  lower  argillaceous,  both 
of  which  may  he  seen  at  Syracuse,  Girgenti,  and  Castrogiovanni. 

According  to  Phihppi,  to  whom  we  are  mdebted  for  the  best  account 
of  the  tertiary  shells  of  this  island,  thuH;y-five  species  out  of  one  hundred 
and  twenty-four  oht^ned  from  the  beds  in  central  Sicily  are  extinct  Of 
the  remainder,  which  still  hve,  five  species  are  no  longer  inhabitants  of 
the  Mediterranean.  When  I  visited  Sicily  in  1828  I  estimated  the  pro- 
portion of  living  species  as  somewhat  greater,  partiy  because  I  con- 
founded with  the  tertiary  formation  of  central  Sicily  the  strata  at  the 
base  of  Etna,  and  some  othei'  localities,  where  the  fossils  are  now  proved 
to  agree  entirely  with  the  present  Mediterranean  fauna. 

Philippi'  cwne  to  the  conclusion,  that  in  Sicily  there  is  a  gradual  pas- 
sage from  beds  containing  70  per  cent  of  recent  shells,  to  those  in  which 
the  whole  of  the  fossils  are  identical  with  recent  species ;  but  his  tables 
appear  scarcely  to  bear  out  so  important  a  generahzation,  several  of  the 
places  cited  by  him  in  confirmation  having  as  yet  furnished  no  more 
than  twenty  or  thirty  species  of  testacea.  The  Sicilian  beds  in  question 
probably  belong  to  about  the  same  period  as  tiie  Norwich  Crag,  although 
a  'geologist,  accustomed  to  see  nearly  all  tiie  Pleistocene  formations  in 
the  north  of  Europe  occupying  low  grounds  and  very  incoherent  in  tex- 
ture, is  naturally  surprised  to  behold  foimations  of  the  same  age  so  sohd 
and  stony,  of  such  thickness,  and  attaining  so  great  an  elevation  above 
the  level  of  the  sea. 

The  upper  or  calcareous  member  of  this  group  in  Sicily  consists  in 
some  places  of  a  yellowish- white  stone,  Uke  the  calcaire  grossier  of  Paris, 
in  others,  of  a  rock  nearly  as  compact  as  marble.  Its  aggregate  thick- 
ness amounts  sometimes  to  700  or  800  feet  It  usually  occurs  in  r^ulai' 
horizontal  be<ls,  and  is  occasionally  intersected  by  deep  valleys,  such  as 
those  of  Sortino  and  Pentalica,  in  which  are  numerons  caverns.  The 
fossils  are  in  every  stage  of  preservation,  from  shells  retaining  portions 
of  their  animal  matter  and  color,  to  others  which  are  mere  casts. 

The  lunestone  passes  downwards  into  a  sandstone  and  conglomerate, 
below  which  is  clay  and  blue  marl,  like  that  of  the  Subappenine  hills, 
from  which  perfect  shells  and  corals  may  be  disengaged.  The  clay 
sometimes  alternates  with  yellow  sand. 

South  of  the  plain  of  Catania  is  a  region  in  which  the  tertiary  beds 
are  intermixed  with  volcanic  matter,  which  has  been  for  the  most  part 
the  product  of  submarine  eruptions.  It  appears  that,  while  the  clay, 
sand,  ajid  yellow  hmestone  before  mentioned  were  in  course  of  deposition 
at  the  bottom  of  the  sea,  volcanoes  burst  out  beneath  the  wateis,  like  that 
of  Graham  Island,  in  1831,  and  these  explosions  recurred  again  and  again 
at  distant  intervals  of  time.     Volcanic  ashes  and  sand  were  showered 
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down  and  spread  by  the  waves  and  currents  so  as  to  form  strata  of  tiifi; 
which  are  found  intercalated  between  beds  of  limestone  and  elay  contain- 
ing marine  shells,  tbe  thictness  of  the  whole  mass  exceeding  2000  feet. 
The  fissures  tlirongli  which  the  lava  rose  may  be  seen  in  many  places 
forming  what  are  called  dikes. 

In  part  of  the  region  above  alluded  to,  as,  for  example,  near  Lentini, 
a  conglomerate  oucuis  in  which  I  obsei'ved  many  pebbles  of  volcanic 
rocts  covered  by  full  grown  serpulce.  We  may  explain  the  origin  of 
these  by  supposing  that  there  were  some  smaJl  volcanic  islands  which 
may  have  been  destroyed  from  time  to  IJme  by  the  waves,  as  Grabam 
Island  has  been  swept  away  since  1831.  The  rounded  blocks  and 
pebbles  of  solid  volcanic  matter,  after  being  rolled  foe  a  time  on  the 
beach  of  such  temporary  islands,  were  carried  at  length  into  some  tran- 
quil part  of  the  sea,  where  they  lay  for  years,  while  the  marine  serpulcB 
adhered  to  them,  their  shells  growing  and  covering  their  surface,  as  they 
are  seen  adhering  to  the  shell  figured  in  p.  22.  Finsdly,  the  bed  of  peb- 
bles was  itself  covered  with  strata  of  shelly  limestone.  At  Vizzmi,  a 
town  not  many  miles  distant  to  the  S.  W.,  I  remarked  another  striking 
proof  of  the  gradual  manner  in  which  these  modem  rocks  were  foimed, 
and  the  long  intervals  of  lime  which  elapsed  between  the  pouring  out  of 
distinct  sheets  of  lava.  A  bed  of  oysters  no  less  than  20  feet  in  thick- 
ness rests  upon  a  current  of  basaltic  lava.  The  oysters  are  perfectly  iden- 
tifiable with  our  common  eatable  species.  Upon  the  oyster  bed,  again, 
is  superimposed  a  second  mass  of  htva,  together  with  tuif  or  peperino. 
In  tiie  midst  of  tiie  same  alternating  igneous  and  aqueous  formations  is 
seen  neat  Galieri,  not  far  from  Vizzini,  a  horizontal  bed,  about  a  foot  and 
a  half  in  thickness,  composed  entirely  of  a  common  Mediterranean  coral 
{Caryophyllia  cces^tom.  Lam.).     These  corals  stand  erect  as  tiiey  grew ; 


6.  Pottion  of  branch.  WiCB  msgnlflod,  with 
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aiid,  after  being  traced  for  hundreds  of  yaida,  are  again  found  at  a  cor- 
responding heiglit  on  the  opposite  side  of  the  valley. 

The  corals  are  Tisually  branched,  but  not  by  the  division  of  the  animals 
as  Bome  have  supposed,  but  by  the  attachment  of  young  individuals  tc 
the  sides  of  the  older  ones;  and  we  must  understand  tliis  mode  of  in- 
crease, in  order  to  appreciate  the  time  which  was  requii-ed  for  the  building 
up  of  the  whole  bed  of  coral  during  the  growth  of  many  successive  gen- 
erations.* 

Among  the  otiier  fossil  shells  met  with  in  these  Sicilian  strata,  which 
sldll  continue  to  abound  in  the  Mediterranean,  no  shell  is  more  conspic- 
uous, froia  its  size  and  frequent  occurrence,  than  the  great  acallop,  Pecten 
jacobcEus  (aee  fig.  124),  now  so  common  in  fJie  neighboring  seas.  We 
see  tiiia  shell  in  the  calcareous  beds  at  Palermo  in  great  mtmbei's,  in  the 
limestone  at  Girgenti,  and  in  that  which  alternates  with  volcanic  rocks  in 
the  countiy  between  Syracuse  and  Vizzini,  often  at  great  heights  above 


ITie  more  we  reflect  on  tJie  preponderating  number  of  these  recent  shells, 
the  more  we  are  surprised  at  the  great  thickness,  solidity,  and  height 
above  the  sea  of  the  rocky  masses  in  which  they  are  entombed,  and  the 
vast  amount  of  geographical  change  which  has  taken  place  since  their 
origin.  It  must  be  remembered  that,  before  they  began  to  emerge,  the 
uppermost  strata  of  the  whole  must  have  been  deposited  under  water. 
In  order,  therefore,  to  form  a  just  conception  of  their  antiquity,  we  must 
first  examine  singly  the  innumei'able  minute  parts  of  which  tlie  whole  is 
made  tip,  the  successive  beds  of  shells,  corals,  volcanic  ashes,  conglomet^ 
atcs,  and  sheets  of  lava ;  and  we  must  afterwards  contemplate  the  time 

*  I  am  indebted  to  Mr.  Lonsdale  for  the  details  above  given  reapecting  tlio 
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required  for  the  gradual  upheaval  of  tie  rocks,  and  the  excavation  of  the 
valleys.  The  historical  period  seems  scarcely  to  form  an  appreciable  unit 
in  this  computation,  for  we  find  ancient  Greek  temples,  like  those  of 
Girgenti  {Agrigsntum),  built  of  the  modem  limestone  of  which  we  are 
speaking,  and  resting  on  a  hill  composed  of  the  saine;  the  site  having 
remained  to  all  appearance  unaltered  since  the  Greeks  first  colonized  the 
island. 

The  modem  geological  date  of  the  rocks  in  this  re^on  leads  to  another 
singular  and  unexpected  conclusion,  namely,  that  the  fauna  and  flora  of 
a  large  part  of  Sicily  are  of  higher  antiquity  than  the  country  itself, 
having  not  only  flourished  before  the  lands  were  raised  from  the  deep, 
but  even  before  their  materials  were  brought  together  beneath  the  waters. 
The  chain  of  reasoning  which  conducts  ua  to  this  opinion  may  be  stated 
in  a  few  words.  The  larger  part  of  the  island  has  been  concerted  from 
sea  into  land  since  the  Mediterranean  was  peopled  with  nearly  ali  tie 
living  species  of  testaeea  and  zoophytes.  We  may  therefore  presume 
that,  before  this  region  emeiged,  the  same  land  and  river  shells,  and 
almost  all  the  same  animals  and  plants,  were  in  existence  which  now 
people  Sicily ;  for  the  teri'estrial  fauna  and  flora  of  this  island  are  pre- 
cisely the  same  as  that  of  other  lands  suiTounding  the  Mediterranean. 
There  appear  to  he  no  peculiar  or  indigenous  spedes,  and  those  which 
ai'c  now  established  there  must  be  supposed  to  have  migrated  from  pre- 
esisting  lands,  just  as  the  plants  and  animals  of  the  NeapoHtan  temtory 
have  colonized  Monte  Ifuovo,  since  that  volcanic  cone  was  thrown  up  in 
the  sixteenth  century. 

Such  conclusions  throw  a  new  light  on  the  adaptation  of  the  attributes 
and  migratory  habits  of  animals  and  plants  to  the  changes  which  are  un- 
ce^ingly  in  progress  in  the  physical  geography  of  the  globe.  It  is  clear 
that  the  duration  of  species  is  so  gi'eat,  that  they  are  destined  to  outlive 
many  important  revolutions  in  the  configuration  of  the  earth's  surface ; 
and  hence  those  innnmerable  contrivances  for  enabling  the  subjects  of  the 
animal  and  vegetable  creation  to  extend  their  range ;  the  inhabitants  of 
the  land  being  often  carried  across  the  ocean,  and  tiie  aquatic  tribes  over 
gi'eat  continental  spaces.  It  is  obviously  expedient  that  the  terrestrial  and 
fluviatile  species  should  not  only  be  fltted  for  the  rivers,  valleys,  plains, 
and  mountains  whicli  exist  at  the  era  of  their  creation,  but  for  others  that 
ai*  destined  to  be  formed  before  the  species  shall  become  extinct;  and, 
in  like  manner,  tiie  marine  species  are  not  only  made  for  the  deep  and 
shallow  r^ons  of  tlie  ocean  existing  at  the  time  when  they  are  called 
into  being,  but  for  tracts  that  may  be  submerged  or  variously  altered  in 
depth  during  the  time  that  is  allotted  for  their  continuance  on  the  globe. 

ossBoua  BSEcciAs  and  DEposrra  is  caves  or  the  pliocene  pbbiod. 

Skilif. — Caverns  filled  with  marine  breccias,  at  the  base  of  ancient 
sea-diffe,  have  been  already  mentioned  in  tie  sixth  chapter;  and  it  was 
noticed,  respecting  the  cave  of  San  Giro,  near  Palermo  (p.  75),  that  upon 
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a  l)ed  of  sand  filled  with  sea-shells,  almost  all  of  I'eueat  species,  rests  a 
breccia  (6,  fig.  93),  composed  of  frf^menfa  of  calcai'cous  rock,  and  the 
hones  of  animals.  In  the  sand  at  the  bottom  of  that  cave.  Dr.  Philippi 
found  about  forty-five  marine  shells,  all  clearly  identical  with  recent 
species,  except  two  or  firee.  The  bones  in  the  incumbent  breccia  are 
chiefly  those  of  the  mammoth  [^.  primiffemiis),  with  some  beion^ng  to 
an  hippopotamu^  distinct  from  the  recent  species,  and  smaller  than  that 
usually  found  fossil.  (See  fig.  132.)  Several  species  of  deer  alao,  and, 
according  to  some  accounts,  the  remainis  of  a  bear,  were  disoovered. 
These  mammaha  are  probably  referable  to  thfe  Post-Pliocene  peiiod. 

The  Newer  Pliocene  tertiary  limestone  of  the  south  of  Sicily,  already 
described,  is  sometimes  full  of  caverns :  and  the  student  will  at  once  per- 
ceive that  all  tiie  quadrupeds  of  which  the  remains  are  found  in  the  sta- 
lactite of  these  caverns,  being  of  later  origin  than  the  rocks,  must  be  re- 
ferable to  the  close  of  the  tertiary  epoch,  if  not  of  still  latei'  date.  The 
mtuation  of  one  of  these  caves,  in  the  valley  of  Sortino,  ii 


1  a  cave  at  Kirkdale,  about  twenty-five  miles  N,  N.  B.  of 
York,  the  remains  of  about  800  hysenas,  belonging  to  individuals  of  eveiy 
age,  have  been  detected.  The  species  {Hyicna  spel<Ba)  is  extinct,  and  was 
lai'ger  tban  the  fierce  Syceim,  croov-ta  of  South  Africa,  which  it  most  re- 
sembled. Dr.  Buckland,  after  carefiiUy  examining  the  spot,  proved  tliat 
the  Hytenas  must  have  lived  there;  a  feet  attested  by  the  quantity  of 
their  dung,  which,  as  in  the  case  of  the  living  bysena,  is  of  neai'ly  the  same 
composition  as  bone,  and  almost  aa  durable.  In  the  cave  were  found  the 
remaius  of  the  ox,  young  elephant,  hippopotamus,  rhinoceros,  horse,  bear, 
wolf,  hare,  wat«r-rat,  and  several  birds.  All  the  bones  have  the  appear- 
ance of  having  been  broken  and  gnawed  by  the  teeth  of  the  hysenas ; 
and  they  occur  confusedly  mixed  in  loam  or  mud,  or  dispersed  tJii'ough 
a  crust  of  stalagmite  which  covere  it  In  these  and  many  other  cases  it 
is  supposed  that  portions  of  herbivorous  quadrupeds  have  been  dragged 
into,  caverns  by  beaafa  of  prey,  and  have  served  as  their  food,  an  opinion 
quite  consistent  with  the  known  habits  of  the  living  hyfena. 

No  less  than  thirty-seven  species  of  mammalia  are  enumerated  by  Pi'O- 
fessor  Owen  as  having  been  discovered  in  the  caves  of  the  British  islands, 
of  which  eighteen  appear  to  be  extinct,  while  the  others  still  survive 
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in  Europe.  They  were  not  waahed  to  the  spots  where  the  fossils  now  oc- 
cur by  a  great  flood ;  hut  hved  and  died,  one  generation  after  another,  in 
the  places  where  they  lie  buried.  Among  other  arguments  in  favor  of  Urn 
conclusion  may  be  mentioned  the  great  numbers  of  the  shed  antlers  of  deer 
discovered  in  cavea  and  in  fieshwat«r  strata  tliroughont  England,* 

Esamplea  also  occur  of  Assures  into  which  animals  have  fallen  from 
time  to  time,  or  have  been  washed  in  from  above,  together  with  alluvial 
matter  and  fragments  of  rock  detached  by  frost,  forming  a  mass  which 
may  be  united  into  a  bony  breccia  by  stalagmitie  infiltrations.  Fre- 
quently we  discover  a  long  suit*  of  caverns  connected  by  narrow  and 
irregular  galleries,  which  hold  a  tortuous  couise  through  the  intaior  of 
mountains,  and  seem  to  have  served  as  the  subterranean  channels  of 
springs  and  engulfed  rivers.  Many  streams  in  the  Morea  are  now  car- 
rying bones,  pebbles,  and  mud  into  underground  passages  of  this  kind.f 
'H,  at  some  future  period,  the  fonii  of  that  country  should  be  wholly 
altered  by  subterranean  movements  and  new  valleys  shaped  ont  by 
denudation,  many  poitions  of  the  former  channels  of  these  engulfed 
streams  may  communicate  with  tiie  surface,  and  become  the  dens  of  wild 
beasts,  or  the  recesses  to  which  quadrupeds  retreat  to  die.  Certain  caves 
of  France,  Germany,  and  Bel^um,  may  have  passed  successively  through 
these  different  conditions,  and  in  their  last  state  may  have  remained 
open  to  tlie  day  for  several  tertiary  periods.  It  is  neveiiheless  re- 
markable, that  on  the  continent  of  Europe,  as  in  England,  the  fossil 
remains  of  mammalia  belong  almost  exclusively  to  those  of  the  Newer 
Pliocene  and  Post-Phocene  periods,  and  not  to  the  Miocene  or  Eocene 
epochs,  and  when  they  are  accompanied  by  land  or  river  sliells,  tiiese 
agree  in  great  part,  or  entirely,  with  recent  species. 

As  the  preservation  of  the  fossil  Ixines  is  due  to  a  slow  and  constant 
supply  of  stalactite,  brought  into  the  caverns  by  water  dropping  from  the 
roo^  the  source  and  origin  of  this  deposit  has  been  a  subject  of  curious 
inquiry.  The  following  explanation  of  the  phenomenon  has  been  re- 
cently suggested  by  the  eminent  chemist  Liebig.  On  the  surface  of 
Franconia,  where  the  limestone  abounds  in  caverns,  is  a  fertile  soil,  in 
which  vegetable  matter  is  continually  decaying.  This  mould  or  humus, 
being  acted  on  by  moisture  and  air,  evolves  carbonic  add  which  is  dis- 
solved by  rain.  The  rain-water,  tiius  impregnated,  permeates  the  porus 
hmestone,  dissolves  a  portion  of  it,  and  afterwards,  when  the  excess  of 
cai'bonic  add  evaporates  in  the  caverns,  paita  with  the  calcareous  matter, 
and  forms  stalactite. 

Australian  cave-brecdas. — Ossiferous  breccias  are  not  confined  to  Eu- 
rope, but  occur  in  all  parts  of  the  globe ;  and  those  lately  discovered  in 
fissures  and,  caverns  in  Australia  correspond  closely  in  character  with 
what  has  been  called  the  bony  breccia  of  tiie  Mediteri'anean,  in  which  the 
fragments  of  bone  and  rock  are  firmly  bound  together  by  a  red  ochreous 
cement. 

«  Oweo,  Brit.  Foss.  Mam.  xxvi.  and  Bucklaiid,  Eel.  Dil.  19,  2*. 
f  See  Principles  of  Qeology, 
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Some  of  tliese  eaves  have  been  examined  by  Sir  T.  Mitchell  in  the 
Wellington  Valley,  about  210  miles  west  of  Sidney,  on  the  river  Bell, 
one  of  tlie  principal  fioiirces  of  the  Macquaiie,  and  on  the  Macquarie 
ifseE  The  caverns  often  branch  off  in  diflerent  directions  through  the 
rock,  widening  and  contracting  their  dimensions,  and  the  roofe  and  floore 
are  covered  with  stalactite.  The  bones  are  often  broken,  but  do  not  seem 
to  be  water-wom.  In  some  places  they  lie  imbedded  in  lo<»e  earth,  but 
they  are  usually  included  in  a  breccia. 

The  reniaina  found  most  abundantly  are  those  of  the  kangaroo,  of 
which  there  are  four  species,  besides  which  the  genera  Hypdpry^nnus, 
Phalisagista,  Phascolomys,  and  Sasyarws,  occur.  There  are  also  bones, 
formerly  conjectured  by  some  osteologists  to  belong  to  the  hippopotamus, 
and  by  others  to  the  dugong,  but  which  are  now  referred  by  Mr.  Owen 
to  a  marsupial  genus,  allied  to  the  Wombat. 

In  the  fossils  above  enumerated,  several  species  ai-e  larger  than  the 
largest  living  ones  of  the  sam.e  genera  now  known  in  Australia.  The 
annexed  figure  of  the  right  side  of  .1  lower  jaw  of  a  kangaroo  {Macro- 


pus  atlas,  Owen)  will  at  once  be  seen  to  exceed  i 
responding  part  of  the  largest  living  kangaroo,  which  i 
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fi^  127  lib  til  these  specimens  part  of  the  substance  of  the  jaw  has 
betn  biokPE  [en  lo  as  to  show  the  peimaiient  false  molar  (a,  fig.  126) 
concealed  in  the  sjcLpL  From  the  fact  of  this  molar  not  having  been 
cut,  we  leatn  thif  the  indiyidual  wis  young,  and  had  not  shed  ita  first 
Fsus  *^'^  1*1  hg  128  a  front  tooth  of  the  same  species  of 
kangtioo  IS  represented 

Whethpr  the  breccias  above  alluded  to,  of  the  Wellington 
VJlej  ajpertoin  sfii  tly  tt  the  Phoeene  period  cannot  be 
aflinned  with  certainty  until  we  are  more  thoroughly 
acquainted  with  the  lecent  quadrupeds  of  the  same  dis- 
tnct,  and  until  \\p  leain  nhat  species  of  fossil  land  shells, 
if  any  a*e  buMed  in  the  deposits  of  the  same  caves. 

The  reader  will  obsetve  that  all  these  extinct  quadrupeds 
t  Anstiaha  brtong  tD  the  marsupial  femily,  or,  in  other 
woida  that  they  are  leferible  to  the  same  peculiar  type  of 
organization  which  now  distinguishes  the  Austi'alian  mam 
malia  from  those  of  other  parts  of  the  globe.  This  fact  is 
croima.  one  of  many  pointing  to  a  general  law  deducible  from  the 
fossil  vertebrate  and  invertebrate  aniinals  of  the  eras  immediately  ante 
cedent  to  the  human,  namely,  that  the  present  geographical  distiibution 
of  organic  forms  dates  back  to  a  period  anterior  to  tiie  creation  of  ex- 
isting species  ;  in  other  words,  the  limitation  of  particular  genera  or 
femiliea  of  quadrupeds,  raollusca,  ifec,  to  certain  existing  provinces  of 
land  and  sea,  began  before  the  species  now  contemporary  with  man  had 
been  introduced  into  the  earth. 

Mr.  Owen,  in  his  excellent  "  History  of  British  Fossil  Mammals,"  has 
called  attention  to  this  law,  remarking  that  the  fossil  quadrupeds  of 
Europe  and  Asia  differ  from  those  of  AustraJia  or  South  America.  We 
do  not  find,  for  example,  in  the  Europaso- Asiatic  province  fossil  kangaroos 
or  armadillos,  but  the  elephant,  rhinoceros,  horse,  bear,  hytena,  beaver, 
hare,  mole,  and  others,  which  still  characterize  the  same  continent. 

In  hke  manner  in  the  Pampas  of  South  America  the  skeletons  of  Me- 
gatherium, Megdonyx,  Glyptodon,  Mylodon,  Toxodon,  Macrauchenia, 
and  other  extinct  forms,  are  analogous  to  the  living  sloth,  armadillo,  cavy, 
capyhara,  and  llama.  The  fossil  quadrumana,  also  associated  with  some 
of  these  forms  in  the  Brazilian  caves,  belong  to  tke  Platyrrhine  family  of 
monkeys,  now  peculiar  to  South  America.  That  the  extinct  feuna  of 
Buenos  Ayi'es  and  Brazil  was  very  modem  has  been  shown  by  its  rela- 
tion to  deposits  of  marine  shells,  agreeing  with  those  now  inhabiting  the 
Atlantic;  and  when  in  Georgia  in  1845, 1  ascertained  that  the  Mega- 
therium, Myiodon,  ITarlanus  americanm  (Owen),  Eqwas  curvidena,  and 
other  quadmpeda  sliied  to  the  Pampeaa  type,  were  posterior  in  date  to 
beds  containing  marine  shells  belonging  to  forty-five  recent  species  of  the 
neighboring  sea. 

Thei*  are  indeed  some  cosmopolite  genei'a,  such  as  the  Mastodon  (a 
genus  of  the  elephant  fiaiiily),  and  tlie  horse,  which  were  simultaneously 
represented  by  different  fossil  species  in  Europe,  North  America,  and 
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Souih  America ;  but  these  few  exceptions  can  hy  no  means  invalidate 
the  rule  which  has  been  thus  expressed  by  Professor  Owen,  "  that  in  the 
highest  organized  olasa  of  anjmals  the  same  forms  were  restricted  to  the 
same  great  provinces  at  the  Pliocene  periods  as  they  are  at  the  pres- 
ent day." 

However  modem,  in  a  geolo^cal  point  of  view,  we  may  consider  tlie 
Pleistocene  epoch,  it  is  evident  that  causes  more  general  and  powerful 
tian  the  intervention  of  man  have  occasioned  the  disappearance  of  the 
ancient  &una  from  so  many  estensive  regions.  Not  a  few  of  the  species 
had  a  wide  range ;  the  same  Megatherium,  for  instance,  extended  from 
Patagonia  and  the  river  Plata  in  South  America,  between  latitudes  31" 
and  39'^  south,  to  corresponding  latitudes  in  North  America,  the  same 
animal  being  also  an  inhabitant  of  the  intermediate  country  of  Brazil, 
where  its  fossil  remains  have  been  met  with  in  caves.  The  extinct  ele^ 
phant,  likewise,  of  Georgia  (Skplias  primigemus)  has  been  ti'aced  in  a 
fossil  state  northward  from  the  river  Alatamaha,  in  lat.  33°  50'  N.  to  the 
polar  regions,  and  then  again  in  the  eastern  hemisphere  from  Siberia  to 
the  sonl£  of  Europe.  K  it  be  objected  that,  notwithstanding  the  adapta- 
tion of  such  quadrupeds  to  a  variety  of  climates  and  geographical  con- 
ditions, their  great  rize  exposed  them  to  extermination  by  the  fii'st  Jmnter 
tribes,  we  may  otserve  (hat  the  investigations  of  Lund  and  Clausen  in 
the  ossiferous  limestone  caves  of  Braal  have  demonstrated  that  these 
laige  mammalia  were  associated  with  a  great  many  smaller  quadrupeds, 
some  of  them  as  diminutive  aa  field  mice,  which  have  all  died  out  together, 
while  the  land  sheila  formerly  their  contemporaries  still  continue  to  exist 
in  the  aame  countries.  As  we  may  feel  assured  that  these  minute  quad- 
rupeds coiild  never  have  been  extirpated  by  man,  so  we  may  conclude 
that  all  the  species,  small  and  great,  have  been  annihilated  one  after  the 
other,  in  the  course  of  indefinite  ages,  by  those  changes  of  oireumstances 
in  the  organic  and  inorganic  world  which  are  always  in  progreaa,  and  are 
capable  in  the  course  of  time  of  greatiy  modifying  the  physical  geog- 
raphy, climate,  and  all  other  conditions  on  which  the  continuance  upon 
the  eartb,  of  any  Hving  being  must  depend.* 

The  law  of  geographical  relationship  above  alluded  to,  between  the 
living  vertebrata  of  every  great  zoolo^cal  province  and  the  fossils  of  the 
period  immediately  antecedent,  even  where  the  fossil  spedes  are  extinct, 
is  by  no  means  confined  to  the  mammalia.  New  Zealand,  when  fli^st 
examined  by  Europeans,  was  found  to  contain  no  indigenous  land  quad- 
rupeds, no  kangaroos,  or  opossums,  like  Australia ;  but  a  wingless  bird 
abounded  there,  the  smallest  living  representative  of  the  ostrich  femily, 
called  Xivi,  by  the  natives  (Apteri/x).  In  tiie  fossils  of  the  Post-Pliocene 
and  Pleistocene  period  in  this  same  island,  thei'e  is  the  like  absence  of 
kangaroos,  opossums,  wombats,  and  the  rest;  but  in  their  place  a  pro- 
digious number  of  well-presei'ved  spedmena  of  gigantic  birds  of  the  stru- 
thious  oi-der,  called  by  Owen  Dinomis  and  Palapteryx,  which  are  en- 

*  See  Piinciples  of  Geologj',  cliaps,  xli.  to  iliv. 
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tomlied  in  superficial  deposits.     Tliese  genei'a 

cies,  some  of  wtidi  were  i,  some  7,  others  9,  and  othore  11  feet  in 
LeJglit!  It  seems  doubtful  whether  any  contemporary  mammalia  shared 
the  land  with  thia  population  of  gigantic  feathered  bipeds. 

To  those  who  have  nevei'  studied  comparative  anatomy  it  may  seem 
scai'cely  credible,  that  a  single  bone  taten  from  any  part  of  the  skeleton 
may  enable  a  skilful  osteolo^st  to  distinguish,  in  many  cases,  the  genus, 
and  sometjmes  the  species,  of  quadruped  to  which  it  belonged.  Although 
few  geolo^sta  can  aspire  to  such  knowledge,  which  must  be  tlie  residt  of 
long  practice  and  study,  they  will  nevertheless  derive  great  advantage 
from  learning  what  is  comparatively  an  easy  task,  to  distinguish  the 
principal  divisions  of  the  mammalia  by  the  forms  and  characters  of  their 
teeth.  The  annexed  figures,  all  taken  from  original  specimens,  may  bo 
useful  in  assisting  the  student  to  recognize  the  teeth  of  many  genera  most 
frequently  found  fossil  ii  ^^ 
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Syrmatpdaa:  Beoond molar, left       Teelli  of  s  new  be^..  „. ..,  ,„„,„  ,„,,„  ,^,™,^,    „, 

ofKitkdflle.    (Seep,  164.)  o.  CrlndlngsiitfaQs.    ^    *  &  ^^e  tlew  of -m 

a  Not  Bile  of  o  and*. 


CHAPTER   XrV. 


StrataofSuffoik  tanned  Red  and  CovaMme  rag— FosbiI,  and  p  p  ton  of  recent 
species— Depth  of  sea  and  climate— Ref  n  e  f  Suff  Ik  as  to  tbe  older 
PUocene  period- Migration  of  many    p  f   h  lis      utl  w    d  during  the 

glacial  period— Fossil  whales— Sub  p  ne  I  d  -A  t  b  □  Rome— Mio- 
cene formatione-Paluns  of  Tonraice— D  ith  t  and  Iitt  al  chwacter  ol 
fauna— Ti'opical  olimat*  implied  by  th   t    tac  a— P   po  t   n   f  t  species  ot 

sheUs-Faluns  more  ancient  than  the  S  iff  fk  a„— Moo  ne  t  ta  fBoucdeaus 
ajid  Piedmonlr— Molasse  of  Switzerlai  d— T  t  j  trata  f  Li  bou— Older 
Pliocene  and  Miocene  formationa  in  th    Un  t  d  St  te  — SewUit  Hdls  in  India. 

The  older  pliocene  strata,  whicli  nest  claim  our  attention,  are  ohi^y 
confined,  in  Great  Britain,  to  the  eastern  part  of  the  county  of  Suffoli, 
wliei^e,  like  the  Norwich  beds  already  desorited,  they  are  called  "  Crag," 
a  provindal  name  given  particiilai'ly  to  those  masses  of  shelly  sand  whidi 
have  been  used  from  very  andent  times  in  agriculture,  to  fertilize  soils 
deficient  in  calcareous  matter.  The  relative  position  of  the  "  red  crag"  h 
Essex  to  the  London  clay,  may  be  understood  by  reference  to  the  accom- 
panying diagram  (%,  142), 

U 
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Crng,  London  Claj. 


These  deposits,  judging  by  tlie  shells  whicli  tliey  contain,  appear,  ac- 
cording to  Professor  Edward  Forbes,  to  have  been  formed  in  a  sea  of 
moderate  depth,  generally  from  15  to  25  fathoms  deep,  althougli  in  some 
few  spots  perhaps  deeper.  But  they  may,  neyertheleaa,  have  been  aceu- 
mulated  at  the  distance  of  40  or  50  miles  from  land. 

The  Suffolk  crag  is  divisible  into  two  masses,  the  upper  of  which  has 
been  termed  tiie  Red,  and  the  lower  the  Coralline  Crag.*  The  upper 
depodt  consists  chiefly  of  quartzoae  sand,  with  an  occasional  intermixture  of 
shells,  for  the  most  part  tolled,  and  sometimes  comminuted.  The  lower 
or  Coralhne  crag  is  of  very  limited  extent,  ranging  over  an  area  about 
20  miles  in  length,  and  3  or  4  in  breadth,  between  the  rivers  Aide  and 
Stour.  It  is  generally  calcareous  and  marly — a  mass  of  siiells  and  small 
corals,  passing  occasionally  into  a  soft  building  stone.  At  Sudbouiii,  near 
Orford,  where  it  assumes  this  diaraoter,  are  large  quawies,  in  which  the 
bottom  of  it  has  been  reached  at  the  depth  of  60  feet.  At  some  places 
in  the  neighborbood,  the  soiter  mass  is  divided  by  thin  flags  of  hard  lime- 
stone, and  corals  placed  in  the  upiight  position  in  which  they  grew. 

The  Ked  crag  is  distinguished  by  the  deep  feiTU^nons  or  ochreous 
color  of  its  sands  and  fossils,  the  Coralline  by  its  white  color.  Both  for- 
mations are  of  moderate  thiciness;  the  red  cr^  rarely  exceeding  40, 
and  the  coralline  seldom  amounting  to  20,  feet  But  their  importance 
is  not  to  be  estimated  by  the  density  of  the  mass  of  strata  or  its  geo- 
graphical extent,  but  by  the  extraordinary  richness  of  its  organic  remains, 
belonging  to  a  very  peculiar  type,  which  seems  to  characterize  the  state 
of  the  living  creation  in  the  north  of  Europe  during  the  older  Pliocene 
era. 

For  a  large  collection  of  the  fish,  echinoderms,  shells,  and  corals  of 
the  deposits  in  Suffolt,  we  are  indebted  to  tbe  labors  of  Mr.  SearlesWood. 
Of  testaeea  alone  he  has  obtained  230  species  fivam  the  Red,  and  345 
trom  the  Coralline  crag,  about  150  being  common  to  each.  The  pro- 
portion of  recent  species  in  the  new  group  is  considered  by  Mr.  Wood 
to  be  about  TOf  per  cent.,  and  that  in  the  older  or  coralline  about  60. 
When  I  examined  these  shells  of  Suffolk  in  1835,  with  the  assistance  of 
Dr.  Beck,  Mr.  George  Sowerby,  Mr.  Searies  Wood,  and  other  eminent 
conchologists,  I  came  to  the  opinion  that  the  extinct  species  predomi- 
nated very  decidedly  in  number  over  the  living.  Recent  invffitigations, 
however,  have  thrown  much  new  light  on  the  conchology  of  the  Arctic, 
Scandinavian,  British,  and  Mediterranean  seas.  Many  of  the  species 
formerly  known  only  as  fossils  of  the  Crag,  and  supposed  to  have  died 

*  See  paper  by  E.  Chavlesworth,  Esq. ;  Loaaon  and  Ed.  PbiL  M^.  ITo.  sssviiL 
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out,  have  been  dredged  up  in  a  living  state  from  depths  not  previously 
explored.  Other  recent  species,  before  regarded  as  distJact  from  the 
neareet  allied  Crag  fossils,  have  been  observed,  when  numerous  individ- 
uals were  procured,  to  be  liable  to  much  greater  variation,  both  in  size 
and  form,  than  had  been  suspected,  and  thus  have  been  identified.  Con- 
sequently, the  Crag  iauna  has  been  found  to  approach  much  more  nearly 
to  the  recent  fauna  of  Ihe  Northern,  British,  and  Mediterranean  seas 
thau  had  been  imagined.  The  analogy  of  the  whole  group  of  testacea 
to  the  European  type  is  very  marked,  whether  we  refer  to  the  large  de- 
velopment of  certain  genera  in  number  of  species  or  to  their  size,  or  to 
the  suppression  or  feeble  representation  of  others.  The  indication  also 
afforded  by  the  entire  fauna  of  a  climate  not  much  warmer  than  that 
now  prevailing  in  corresponding  latitudes,  prepares  us  to  believe  that 
they  are  not  of  higher  antiquity  than  the  Older  Pliocene  era.* 

The  position  of  the  red  crag  in  Essex  to  the  subjacent  London  clay  and 
chalk  has  been  already  pointed  out  (fig.  142).  Whenever  the  two  di- 
visions are  met  with  in  the  same  district,  the  red  crag  lies  uppermost ; 
and,  in  some  cases,  as  in  the  section  represented  in  fig.  143,  it  is  ob- 
served that  the  older  or  coralline  mass  6  had  suffered  denudation  before 
the  newer  formation  a  was  thrown  down  upon  it.     At  D  there  is  not 


only  a  distinct  cliff,  8  or  10  feet  high,  of  coralfine  crag,  I'unning  in  a 
direction  N.  E.  and  S.  W^  against  which  the  red  crag  abuts  with  its  hori- 
zontid  layers;  but  this  cliff  occasionally  overhangs.  The  rock  composing 
it  IS  drilled  everywhere  by  Fhohdes,  the  holes  which  they  perforated 
having  been  afterwards  filled  with  sand  and  covered  over  when  the  newer 
beds  were  thrown  down.  As  the  older  formation  is  shown  by  its  fossils 
to  have  accumulated  in  a  deeper  sea  (15,  and  sometimes  25,  fethoms 
deep  or  more),  there  must  no  doubt  have  been  an  upheaval  of  the  sea- 
bottom  before  the  eiifi'  here  aUuded  to  was  shaped  out.  We  may  also 
conclude  that  so  gteat  an  amount  of  denudation  could  scarcely  take 
place,  in  such  incoherent  mateiials,  without  many  of  the  fossils  of  the- 
inferior  beds  becoming  mixed  up  with  the  overlying  crag,  so  that  consid- 
erable difficulty  must  be  occasionally  experienced  by  the  palasontologist 
in  deeding  which  species  belong  severally  to  each  group.  The  red  cr^ 
being  formed  in  a  shallower  sea,  often  resembles  in  structure  a  shifting 
sand  bank,  its  layers  being  inclined  diagonally,  and  the  planes  of  stratifl' 

*  lu  regarding  the  Suliblli  crag,  hoth  red  anil  coralline,  aa  older  Pliocene,  in- 
stead of  Miocene,  I  am  only  returning  to  tlie  elaaaification  adopted  by  me  in  the 
Principles  and  Elements  of  Geulogj  up  to  tlio  year  1838. 
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cation  being  sometimea  directed  in  tlie  same  quarry  to  the  four  cardinal 
points  of  the  compass,  as  at  Butley.  That  in  this  and  many  other 
localities,  such  a  Btructure  ls  not  deceptive  or  due  to  any  subsequent  coa- 
cretionarj  rearrangement  of  particles,  or  to  mere  lines  of  color,  is  proved 
by  eaeh  bed  being  made  up  of  flat  pieces  of  shell  which  lie  paraOel  to 
the  planes  of  the  smaller  strata. 

Some  fossils,  which  are  very  abundant  in  the  red  crag,  have  never  been 
found  in  the  whit*  or  coralline  division ;  as,  for  example,  the  Fums  con- 
trarius  {fig.  144),  and  several  species  of  Bucdmim  (or  Nassa^  and  Murex 
(see  figs.  145,  146),  which  two  genera  seem  wanting  in  the  lower  crag. 

CifiB. 


4 


Among  the  hones  and  teeth  of  fishes  are  those  of  large  sharks  (  Oareha- 
rias),  and  a  gigantic  skate  of  the  extinct  genus  Myliohates,  and  many 
otlier  forms,  some  common  to  our  seas,  and  many  foreign  to  them. 

The  distinctness  of  the  fossils  of  the  coralline  crag  arises  in  part  from 
higher  antiquity,  and,  in  some  degree,  fi'om  a  difference  in  the  geograph- 
ical conditions  of  the  submarine  bottom.  The  prolific  growth  of  corals,  ■ 
echini,  and  a  prodigious  vaiiety  of  tfistacea,  implies  a  region  of  deeper 
and  more  tranquil  watei' ;  whereas,  the  red  crag  may  have  formed  after- 
wards on  the  same  spot,  when  tie  water  was  shallower.  In  the  mean 
time  the  climate  may  have  become  somewhat  cooler,  and  some  of  the 
zoophytes  which  flemished  in  the  firet  period  may  have  disappeared,  so 
that  the  fauna  of  the  red  crag  acquired  a  character  somewhat  more 
nearly  resembling  that  of  our  northern  seas,  as  is  implied  by  the  large 
development  of  certain  sections  of  the  genera  Fiisus,  Buccmum,^  Purpara, 
and  Trochus,  proper  to  higher  latitudes,  and  which  are  wanting  or 
feebly  represented  in  the  inferior  crag. 

Some  of  the  corals  of  the  lower  crag  of  Suffolk  belong  to  genera  im- 
known  m  the  hvmg  creation,  and  of  a  very  peculiar  structure ;  as,  for 
example,  that  lepresented  in  the  annexed  fig,  (148),  which  is  one  of 
several  spetip'!  hiung  a  globular  form.  The  great  minibei'  and  variety 
of  these  zoophytes  pinbably  indicate  an  equable  climate,  fi'ee  from  intense 
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cold  in  winter.  On  the  other  hand,  that  tiie  beat  was  never  excessive  is 
conflrmed  by  the  prevalence  of  northern  forms  among  the  testacea,  such 
as  tie  Glycinteris,  Cyprina,  and  Aslarle.  Of  the  genus  last  mentioned 
(see  fig,  149)  there  are  about  fourteen  species,  maoy  of  them  being  rich 


jlsiari"  (Crttsm/wt,  Lbiil),  speoiea  comm 
AataHe  Omalli,  liyonkrtre    Syn  A  liiparUta  Sm    Mn.  Cnn   T  621   e  8-  s  very  variable 
8pe'le3m66lohiraotenstl"o(liiD  oralline  crag,  Suflolk. 

in  individuals ;  and  there  is  an  absence  of  genera  peculiar  to  hot  cli- 
ijff  i5a  mitea,  such  as  ponus,  Oliva,  Mitrn,  Fasciolaria,,  Crassa- 
tella,  and  others.  The  cowries  {Cyprma,  fig.  14^,),  also, 
are  small,  ajid  belon^ng  to  a  section  {Trivia)  now  inhabit- 
ing the  colder  regions.  A  large  volute,  called  YolutaLam- 
berti  (fig.  1 50),  may  seen?  an  exception ;  but  it  differs  in 
form  fiom  the  volute's  of  tlie  torrid  zone,  and  may,  lite  the 
hvmg  Voluta  Magellanicn,  have  been  fitted  tor  an  extra- 
tropical  climate. 

The  occurrence  of  a  species  of  Zinffula  at  Sutton  is 
worthy  of  remark,  as  these  BracMopoda  seem  now  eon- 
TvisHLambenu  ^^^^  ^^  "lor^  equatorial  latitudes,  and  the  same  may  be 
rnnngindiTia  gg,^  j^jjjj  ^^^^^  decidedly  of  a  species  of  Fyrula,  allied  to 
P    rthrulata      Whether,  therefme,  iie  may  mfJinfl  to  the  behef  that 
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the  mean  annual  temperature  was  higher  or  lower  than  now,  we  may  at 
least  infer  that  the  climate  and  geogi'aphical  conditions  were  hy  no 
means  the  same  at  the  period  of  the  SuiFolt  crag  as  those  now  prevailing 
in  the  same  region. 

Of  t!ie  echinodeims  of  the  coralline  crag  abont  eleven  spedea  we 
known,  but  some  of  these  are  in  too  fragmentary  a  condition  to  admit 
of  exact  comparison.  Of  six  which  are  the  most  perfect,  Prof.  E,  Forbes 
has  been  able  to  identify  three  with  recent  apedes :  one  of  whicli,  of  the 
genus  Echinus,  ia  British ;  a  second,  Uckinocyamus,  British  and  Med- 
iterranean ;  and  a  third.  Echinus  numilis,  a  Mediterranean  species,  also 
found  fossil  in  the  &luns  of  Touraine. 

One  of  the  moat  interesting  conclusions  deduced  from  a  careful  com- 
parison of  the  shells  of  these  British  Older  Pliocene  sti'ata  and  those  now 
inhabiting  our  seas,  has  been  pointed  out  by  Prof.  K  Forbes.  It  appears 
that,  dming  the  glacial  period,  a  period  intermediate,  as  we  have  seen, 
between  that  of  the  crag  and  our  own  times,  many  shells,  previously 
established  in  the  temperate  zone,  retreated  southwards  to  avoid  an  un- 
congenial climate.  The  Professor  has  given  a  list  of  fifty  shells  which 
inhabited  the  British  seas  while  the  coralline  and  red  crag  were  forming, 
and  which  are  wanting  in  the  Pleistocene  or  glacial  deposits.  They 
must,  therefore,  after  their  migration  to  the  south,  have  made  their  way 
northwards  again.  In  corroboration  of  these  views,  it  is  stated  that  all 
these  fifty  species  occur  fossil  in  the  Newei'  Pliocene  strata  of  Sicily, 
Southern  Italy,  and  the  Grecian  Archipelago,  where  they  may  have  en- 
joyed, during  the  era  of  Boating  icebergs,  a  climate  resembling  that  now 
prevailing  in  higher  European  latitudes," 

In  the  red  crag  at  Felixstow,  in  Suffolk,  Professor  Henslow  has  found 
(he  ear-bones  of  no  less  than  four  species  of  cetaeea,  which,  according  to 
Mr.  Owen,  are  the  remains  of  true  whales  of  the  family  £akmid<e.  Mr. 
Wood  is  of  opinion  that  these  cetaeea  may  be  of  the  age  of  the  red  crag, 
or  if  not  that  they  may  be  derived  from  the  destruction  of  beds  of  coral- 
Mne  crag.  I  agree  with  him  that  the  supposition  of  their  having  been 
washed  out  of  the  London  clay,  in  which  no  Baltenidx  have  yet  been 
met  with,  is  iraprobabla 

Sti'ata  containing  foaail  shells,  like  those  of  the  Suffolk  crag,  above 
described,  have  been  found  at  Antwerp,  and  on  the  banks  of  the 
Scheldt  below  that  city.  In  1840  I  oijseryed  a  small  patch  of  them 
near  Valognea,  in  Normandy ;  and  there  is  aJao  a  deposit  containing 
similar  fossils  at  St.  George  Bohon,  and  several  places  a  few  leagues  to 
the  S.  of  Carentan,  in  Normandy ;  but  they  have  never  been  traced 
iarther  southwards, 

Subapmnine  strata. — The  Apennines,  it  ia  well  known,  are  composed 
chiefly  of  secondary  rocks,  forming  a  chain  which  branches  off  from 
the  Ligurian  Alps  and  passes  down  the  middle  of  the  Italian  peninsula. 
At  the  foot  of  these  mountains,  on  the  side  both  of  the  Adriatic  and 

*  E.  Porles,  Mem,  QeoL  Survey,  Gt,  Br[t.  vol,  L  386. 
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the  Mediterranean,  are  found  a  aeries  of  tei'tiary  strata,  whicL  fomi,  for 
the  most  pail,  a  line  of  iow  hills  occtipying  the  space  hetween  the  older 
chain  and  the  sea.  Brocchi,  as  we  have  seen  (p.  105),  was  the  first 
Itahan  geologist  who  described  this  newer  group  in  detail,  giving  it  the 
name  of  the  Subapennines ;  and  he  classed  all  the  tertiary  strata  of  Italy, 
from  Piedmont  to  Cakhria,  as  parts  of  the  same  system.  Certain  min- 
eral characters,  he  observed,  were  common  to  the  whole ;  for  the  strata 
consist  generally  of  light  brown  or  blue  marl,  covered  by  yellow  cal- 
careous sand  and  gi'avel.  There  are  also,  he  added,  some  species  of 
fossil  shells  which  are  found  in  these  deposits  throughout  the  wliole  of 
Italy. 

We  have  now,  however,  salisfaetory  evidence  that  the  Snbapennine 
beds  of  Brocchi  belong,  at  least,  to  three  periods.  To  the  Miocene  we 
can  refer  a  portion  of  the  strata  of  Piedinont,  those  of  the  hill  of  Superga, 
for  example ;  to  the  Older  Pliocene,  part  of  the  strata  of  noilhem  Italy, 
of  Tuscany,  and  of  Rome ;  while  the  tufaceous  formations  of  Naples,  of 
Ischia,  and  the  oalcareona  strata  of  Oti'anfo,  are  referable  to  the  Newer 
Pliocene,  and  in  great  part  to  flie  Post-Pliocene  period. 

That  there  is  a  considerable  correspondence  in  the  mineral  composi- 
tion of  these  different  Italian  gi'oups  is  undeniable ;  but  not  that  exact 
resemblance  which  should  lead  us  to  assume  a  precise  identity  of  age, 
unless  the  fossil  remmns  agreed  very  closely.  It  is  now  indispensable 
that  a  new  sciiitiny  should  be  made  in  each  particular  distiicf,  of  the 
fossils  derived  fi'ora  the  iippei'  and  lower  beds — esperaally  such  localities 
as  Asti  and  Parma,  where  the  formation  attains  a  great  thickness  ;  and 
at  Sienna,  where  the  shells  of  the  incumbent  yellow  sand  are  generally 
believed  to  approach  much  more  nearly,  as  a  whole,  to  the  recent  fauna 
of  the  Mediterranean  than  those  in  the  subjacent  hlue  marl. 

The  grayish  brown  or  blue  marl  of  the  Subapennine  formation  is  very 
aluminous.  Mid  usually  contains  much  calcareous  matter  and  scales  of 
mica.  Near  Parma  it  attains  a  thickness  of  2000  feet,  and  is  charged 
throughout  with  marine  shells,  some  of  which  live  in  deep,  others  in  shal- 
low water,  while  a  few  belong  to  freshwater  genera,  and  must  have  been 
washed  in  by  rivers.  Among  these  last  I  have  seen  the  common  Lim- 
nea  ^lustria  in  the  blue  marl,  filled  with  small  marine  shells.  The 
wood  and  leaves,  which  occasionally  form  beds  of  lignite  in  the  same 
deposit,  may  have  been  canied  into  the  sea  by  similar  causes.  The 
shells,  in  general,  are  soft  when  first  taken  from  the  marl,  but  they 
become  hai'd  when  dried.  Thesuperficial  enamel  is  often  well  preserved, 
and  many  shdla  retmn  their  pearly  lustre,  part  of  their  external  color, 
and  even  the  ligament  which  unites  the  valves.  No  shells  are  more 
usually  perfect  than  the  microscopic  foraminifera,  which  abound  near 
Sienna,  where  more  than  a  thousand,  full-grown  individuals  may  be 
sometimes  poured  out  of  the  interior  of  a  single  univalve  of  moderate 
dimensions. 

The  other  member  of  the  Subapennine  group,  the  yellow  sand  and 
conglomerate,  constitutes,  in  most  places,  a  border  formation  near  the 
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junction  of  the  tei'tiary  and  seeondMy  rocts.  In  some  cases,  as  near  the 
town  of  Sienna,  we  see  sand  and  calcareous  gravel  resting  immediately 
on  tlie  Apennine  limeetone,  witJiout  the  intcrrention  of  any  hlue  marl. 
Alternations  are  there  seen  of  heds  containing  fluviadle  slieUs,  with  others 
filled  exelnsively  with  marme  species ;  and  I  ohserved  oysters  attached 
to  many  limestone  pehbles.  This  appeal's  to  have  been  a  point  where  a 
river,  flowing  from  tJie  Apennines,  entered  the  sea  when  the  tertiary 
sti'ata  were  formed. 

The  sand  passes  in  some  districts  into  a  calcareous  sandstone,  aa  at 
San  Vignone.  Its  general  superposition  to  the  marl,  even  in  parts  of 
Italy  and  Sicily  whei*  the  date  of  its  oii^n  is  very  distinct,  may  be  ex- 
plained, if  we  consider  that  it  may  represent  fie  deltas  of  rive's  and 
torrents,  which  gained  upon  the  bed  of  tiie  sea  where  blue  marl  had  pre- 
viously been  deposited.  The  latter,  being  composed  of  tte  finer  and 
more  ti'ansportablo  mud,  would  be  conveyed  to  a  distance,  and  firet  occupy 
the  bottom,  over  which  sand  and  pebbles  would  afterwai'ds  be  spread,  in 
proportion  as  rivers  pushed  their  deltas  iariJier  outwards.  In  some  large 
b'acts  of  yellow  sand  it  is  impossible  fo  defect  a  single  fossil,  while  in 
other  places  they  occur  in  proftision.  Occasionally  the  shells  are  silid- 
fied,  as  at  San  Vitale,  near  Panna,  from  whence  I  saw  two  individuals  of 
recent  spedes,  one  freshwater  and  the  other  marine  Zimtiea  palusiris, 
Oytkerea  concmtrim,  Lam.),  both  perfectly  converted  info  flint. 

Rome. — The  seven  hills  of  Eome  are  composed  partly  of  marine  ter- 
tiary strata,  those  of  Monle  Mario,  for  example,  of  the  Older  Pliocene 
period,  and  partly  of  superimposed  volcanic  tuff,  on  the  top  of  which  are 
usually  cappings  of  a  fluviatile  and  lacustrine  deposit.  TTius,  on  Mount 
Aventine,  the  Vatican,  and  the  Capitol,  we  find  beds  of  calcareous  tufe 
with  incrusted  reeds,  and  recent  teiTestrial  shells,  at  the  height  of  about 
200  feet  above  the  alluvial  plain  of  the  Tiber.  The  tusk  of  the  mam- 
mofli  has  been  procured  from  this  formation,  but  the  shells  appear  to  be 
all  of  living  species,  and  must  have  been  imbedded  when  the  summit  of 
the  Capitol  was  a  marsh,  and  constituted  one  of  the  lowest  hollows  of 
iLe  country  as  it  then  existed.  It  xs  not  without  interest  that  we  thus 
discover  the  exb'emely  recent  dat«  of  a  geological  event  which  preceded 
aa  historical  era  so  remote  as  the  building  of  Eome. 


Fal-anB  of  Touraine. — The  Miocene  strata,  corresponding  with  those 
named  by  many  geologists  "  Middle  Tertiaiy,"  will  next  claim  our  atten- 
tion. !Near  the  towns  of  Dinan  and  Eennea,  in  Brittany,  and  again  in 
the  provinces  bordering  the  Loire,  a  tertiary  formation,  containing  another 
assemblage  of  fossils,  is  met  with,  to  whidi  tlie  name  of  Faluns  has  been 
long  given  by  the  French  agriculturists,  who  spread  the  shelly  sand  and 
marl  over  the  land,  in  the  same  manner  as  the  crag  was  foimerly  much 
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used  in  SuiFoIk.  Isolated  masses  of  these  faliins  occur  from  near  the 
mouth,  of  the  Loire,  Dear  NantfiS,  as  far  as  a  district  south  of  Tours. 
They  aj*  also  found  at  Pontlevoy,  on  the  Cher,  about  10  miles  above 
the  jtinction  of  that  river  with  the  Loire,  and  30  miles  S,  E.  of  Tours. 
I  have  visited  all  the  localities  above  mentioned,  and  found  the  beds  to 
consist  principally  of  sand  and  mar!,  in  which  are  shells  and  eorals,  some 
entire,  some  rolled,  and  otheis  in  minute  fragments.  In  certain  distrids, 
oa  at  Dou^,  in  the  department  of  Maine  and  Loire,  10  miles  S.  W.  of 
Saumur,  they  form  a  soft  building-stone,  chiefly  composed  of  an  aggre- 
gate of  broken  shells,  corals,  and  eohinoderms,  united  by  a  calcareous 
cement ;  the  whole  mass  being  very  like  the  coralline  crag  near  Aid- 
borough  and  Sudboum  in  Suffolk.  The  scattered  patches  of  feluns  are 
of  slight  thickness,  rarely  esoeeding  50  feet ;  and  between  the  district 
called  Sologiie  and  the  sea  they  repose  on  a  great  variety  of  older  rocks ; 
being  seen  to  rest  successively  upon  gneiss,  clayslate,  and  various  second- 
ary formations,  including  the  chalk  ;  and,  lastly,  upon  the  upper  fresh- 
water limestone  of  the  Parisian  tertiary  series,  which,  as  before  men- 
tioned (p.  106),  stretches  continuously  from  the  basin  of  tJie  Seine  to 
that  of  the  Loire. 

At  some  points,  as  at  Lonans,  south  of  Tours,  the  shells  are  stained  of 
a  ferruginous  color,  not  unlike  that  of  the  red  crag  of  SuifoUc  The 
species  are,  for  the  moat  part,  marine,  but  a  few  of  them  belong  to  land 
and  fluviatile  genei'a.  Among  the  former,  Heliic  turonensis  (fig.  45,  p. 
30)  is  the  most  abundant,  itemains  of  terrestrial  quadrupeds  are  here 
and  there  intermixed,  belonging  to  the  genera  Deinotherium,  Mastodon, 
Ehinoceros,  Hippopotamus,  Chteropotamus,  Dichobune,  Deer,  and  others, 
and  these  are  accompanied  by  cetacea,  such  as  the  Lamantine,  Morse, 
Sea-calf,  and  Dolphin,  all  of  extinct  species. 

Professor  E.  Forbes,  after  studying  tlie  fossil  tastacea  which  I  obtained 
rfom  these  beds,  informs  me  that  he  has  no  doubt  they  were  formed 
partly  on  the  shore  itself  at  the  level  of  low  water,  and  partly  at  very 
moderate  depths,  not  exceeding  10  fathoms  below  that  level.  The  mol- 
luscous feuna  of  the  "  falnns"  is  on  the  whole  much  more  littoral  than 
that  of  the  red  and  coralline  crag  of  Suffolk,  and  implies  a  shallower  sea. 
It  is,  moreover,  contrasted  with  the  Suffolk  crag  by  the  indications  it 
affords  of  an  extra-Em'0|>ean  chmate.  Thus  it  contains  seven  species  of 
Cyprtea,  some  latter  than  any  existing  cowry  of  the  Mediterranean,  sev- 
eral species  of  OUva,  Ancillaria,  Mitra,  Terebra,  Pyrwla,  J/'asdolaria, 
and  C'onm.  Of  the  cones  thei-e  are  no  less  than  eight  species,  some  very 
large,  whei'eas  the  only  European  cone  is  of  diminutive  size.  The  genua 
JVerila,  and  many  others,  are  also  repi'esented  by  individuals  of  a  type 
now  characteristic  of  equatorial  seas,  and  wholly  unlike  any  Mediter- 
ranean forms.  These  proofe  of  a  more  elevated  temperature  seem  to 
imply  the  higher  antiquity  of  the  faluns  as  compared  with  the  Suffolk 
crag,  and  are  in  perfect  accordance  with  the  fact  of  the  smaller  propor- 
tion of  testacea  of  recent  species  found  in  the  faluns. 

Out  of   390    spedes  of  shells   collected  by  myself,  in    1840,  at 
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Pontlevoy,  Louans,  Boss^e,  and  otliei'  villages  20  miles  south  of  Tours ; 
and  at  SavignS,  about  IS  miles  northwest  of  that  place;  72  only  could 
be  identified  with  recent  spedes,  which  is  in  the  proportion  of  25  per 
cent.  A  large  number  of  the  290  species  ate  common  to  all  the  local- 
ities, those  peculiar  to  each  not  being  more  numerous  than  we  might 
expect  to  find  in  different  bays  of  the  same  sea. 

The  total  numbei'  of  mollusca  from  the  feluna,  in  my  possession,  is 
302,  of  which  45  only  were  found  by  Mr.  Wood  to  be  common  to  the 
Suffolk  crag.  The  number  of  corals  obtained  by  me  at  Dou6,  and 
other  localities  before  adverted  to,  amounts  to  4S,  as  determined  by 
Mr.  Lonsdale,  of  which  seven  agree  specifically  with  those  of  the  Suffolk 
crag.  Only  one  has,  as  yet,  been  identified  with  a  hving  species.  But 
it  is  difficult,  if  not  Impossible,  to  inaljtute  at  present  a  safisfeotoiy 
comparison  between  fossil  and  recent  Pohjparia,  from  the  deficiency  of 
our  knowledge  of  the  living  species.  Some  of  the  genera  occurring  fossil 
in  Touraine,  as  the  Astreo,,  LunuUtes,  and  Dendrophyllia,  have  not 
been  found  in  European  seas  nortli  of  the  Mediteiranean ;  nevei'theless 
the  Polyparia  of  the  faluns  do  not  seem  to  indicate  on  the  whole  so 
warm  a  climate  as  would  be  inferred  fi'om  the  shells. 

It  was  stated  that,  on  comparing  about  300  species  of  Touraine 
shells  with  about  450  from  the  Suffolk  crag,  46  only  were  found  to  be 
common  to  both,  which  is  in  the  proportion  of  only  15  per  cent  The 
same  small  amount  of  agreement  is  found  in  the  corals  also.  I  formerly 
endeavored  to  reconcile  this  mai'ked  diffei'ence  in  species  with  the  sup- 
posed coexistence  of  the  two  faunas,  by  imagining  them  to  have 
severaDy  belonged  to  distinct  zoological  provinces  or  two  seas,  the  one 
opening  to  the  north,  and  the  other  to  the  south,  with  a  barrier  of 
land  between  them,  like  the  Isthmus  of  Suez,  separating  the  Red  Sea 
and  the  Mediterranean.  But  I  now  abandon  that  idea  for  several 
reasons ;  among  others,  because  I  succeeded  in  18il  in  tracing  the  Crag 
feuna  southwards  in  Normandy  to  within  70  miles  of  the  Falunian 
type,  neai'  Dinan,  yet  found  that  both  assemblages  of  fossils  retained 
their  distinctive  chai'actors,  showing  no  signs  of  any  blending  of  species 
or  transition  of  climate. 

On  a  comparison  of  280  Mediterranean  shells  with  600  British 
species,  made  for  me  by  an  experienced  conchologist  in  1841,  160  were 
foimd  to  be  common  to  both  collections,  which  is  in  the  proportion 
of  57  per  cent.,  a  fouifold  greater  specific  resemblance  than  between  the 
seas  of  the  crag  and  the  ialuns,  notwithstanding  the  gi'eater  geogra- 
phical distance  between  England  and  the  Mediterranean  than  between 
Suffolk  and  the  Loire.  The  principal  grounds,  however,  for  referring 
tie  English  crag  to  the  older  Pliocene  and  the  French  feluns  to  the 
Miocene  epochs,  consist  in  the  predominance  of  fossil  shells  in  the 
British  strata  identifiable  with  spedes,  not  only  still  living,  but  which 
are  now  inhabitants  of  naghboring  seas,  while  the  accompanying  ex- 
tinct species  are  of  genera  sudi  aa  characterize  Europe.  In  the  faluns, 
on  the  eonti'ary,  the  recent  species   aie  in  a  decided  minority,  and 
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many  of  them,  like  the  associated  extinct  teatacea,  are  much  less  Eui-o- 
pean  in  diara«ter,  and  point  to  the  prevalence  of  a  warmer  elimaf*, — in 
other  words,  to  a  state  of  things  receding  farther  from  the  present  con- 
dition of  Europe,  geographically  and  climatologically,  and  doubtless, 
therefore,  receding  farther  in  time. 

Bmrdeauic. — A  great  extent  of  country  between  the  Pyrenees  and  the 
Oitonde  is  overspread  by  tertiaiy  deposils,  which  have  been  more  pai^ 
ticularly  studied  in  the  environs  of  Bourdeaux  and  Das,  from  whence 
about  100  species  of  shells  have  been  obtained.  A  large  proportion  of 
these  shells  belong  to  the  same  zoological  type  as  those  of  Touraine ;  but 
many  are  peculiar,  and  the  whole  may  possibly  constitute  a  somewhat 
older  division  of  the  Miocene  period  than  the  feluns  of  the  Loire.  We 
must  wait,  however,  for  farther  investigations,  in  order  to  decide  this 
question  with  accuracy. 

Piedmont, — Many  of  the  shells  peculiar  to  the  hill  of  the  Superga, 
near  Turin,  agree  with  those  found  at  Bourdeaux  and  Diix ;  but  the  pro- 
portion of  recent  species  is  much  leas.  The  sb'ata  of  the  Superga  consist 
of  a  bright  green  sand  and  mail,  and  a  conglomerate  with  pebbles,  chiefly 
of  green  serpentine,  and  are  inclined  at  an  angle  of  more  than  70°.  This 
formation,  which  atttuns  a  great  thickness  in  the  valley  of  the  Bormida, 
is  probably  one  of  the  oldest  Miocene  groups  hitherto  discovered. 

Molasse  of  Switzerland. — If  we  cross  the  Alps,  and  pass  from  Pied- 
mont to  Savoy,  we  find  there,  at  the  northern  base  of  the  great  chain, 
and  throughout  the  lowei'  country  of  Switzerland,  a  soft  green  sandstone 
much  resembling  some  of  the  beds  of  the  basin  of  the  Bormida,  above 
described,  and  assodated  in  a  similar  manner  with  marls  and  conglome- 
rate. This  formation  is  called  in  Switzerland  "  molasse,"  sdd  to  be  de- 
rived from  " mol,"  " soft"  because  the  stone  is  easily  cut  in  the  qnarry. 
It  is  of  vast  tiilctness,  and  probably  divisible  into  several  formations. 
How  laige  a  portion  of  these  belong  to  the  Miocene  period  cannot  yet 
be  deteiToined,  as  fossil  shells  are  often  entirely  wanting.  In  some  places 
a  decided  agreement  of  the  fossil  fishes  of  the  molasse  and  lyuns  has 
been  observed.  Among  those  common  to  both,  M,  Agassiz  pointed  out 
fo  me  Lamma  contortidens,  Myliobates  Sliideri,  Spkerodus  einet'us, 
Xfotidanus  p>-imiffemus,  and  otheis. 

Xiston.— Marine  tertiary  strata  near  Lisbon  contain  shells  which  agree 
very  closely  with  those  of  Bourdeaux,  and  are  therefore  referred  to  the 
Miocene  era.  Thus,  out  of  112  spedea  collected  by  Mr.  Smith  of  Jor- 
danhill,  between  60  and  TO  were  found  to  be  common  to  the  slrata  of 
Bourdeaux  and  Dax,  the  recent  species  being  in  the  proportion  of  21  per 

Older  PUoeem  and  Miocene  formations  in  the  Uhited  States. — Be- 
tween the  Alleghany  mountains,  formed  of  older  rocks,  and  the  Atiantie, 
there  intervenes,  in  the  United  States,  a  low  region  occupied  principally 
by  beds  of  marl,  clay,  and  sand,  consisting  of  the  cretaceous  and  tertiary 
fonnations,  and  chiefly  of  the  latter.  The  general  elevation  of  this  plain 
bordeiing  the  Atiantie  does  not  exceed  100  feet,  although  it  is  some- 
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times  several  hundred  feet  higli.  Its  width  in  the  middla  and  anuthcin 
atateB  is  very  commonly  60111  100  to  150  miles.  It  Lonsiata,  in  the 
South,  aa  in  Georgia,  Alabama,  and  Sguth  Carohna,  almost  exclusively 
of  Eocene  deposits ;  but  in  North  Carolina,  Maryland,  Virginia,  and 
Delaware,  more  modem  strata  predominate,  which  I  have  assimilated  in 
age  to  the  English  crag  and  Faluns  of  Touraine,*  I^  thronobgiuilly 
speaking,  they  can  be  truly  said  to  be  representatives  of  these  two  Euro- 
pean formations,  they  may  range  in  age  from  the  Older  Pliocene  to  Uie 
Miocene  epoch,  according  to  the  classification  of  European  strata  adopted 
in  this  chapter. 

The  proportion  of  fossil  shells  agreeing  vnik  recent,  out  of  147  species 
collected  by  me,  amounted  to  about  17  pei'  cent,  or  one-sixth  of  the 
whole ;  but  as  the  fossils  so  assimilated  were  almost  always  the  same  as 
spedea  now  living  in  the  neighboring  Atlantic,  the  number  may  here- 
after be  augmented,  when  the  recent  iirana  of  that  ocean  is  better  known. 
In  different  localities,  also,  the  proportion  of  recent  species  varied  con- 


On  the  banks  of  the  James  River,  in  Virginia,  about  20  miles  below 
Richmond,  in  a  cliff  abont  30  feet  high,  I  observed  yellow  and  white 
sands  overlying  an  Eocene  marl,  just  as  the  yellow  sands  of  the  crag  lie 
on  the  blue  London  clay  in  Suffolk  and  Essex  in  England.  In  the  Vir- 
ginian sands,  we  find  a  profusion  of  an  Astarte  {A.  undulata,  Conrad), 
which,  resembles  closely,  and  may  possibly  be  a  variety  of,  one  of  tlie 
commonest  fossils  of  the  Suffolk  crag  (A.  bipartiteC) ;  the  other  shells  also, 
of  the  genera  Nalkd,  Fissurella,  Artemis,  Lmiiia,  Cliama,  Peeinnculus, 
mid  Pecten,  are  analogous  to  shells  both  of  the  English  crig  and  French 
feluns,  although  the  species  are  almost  all  distinct  Out  of  147  of  these 
Amencan  fossils  I  could  only  find  13  speues  common  to  Eutope,  and 
these  occur  partly  in  the  Suffolk  crag,  -!nd  parilj  in  the  tiJnni  jf  Tou- 


Pulg- 


raine;  but  it  is  an  important  chiractenstn  of  the  Amenian  gioup,  that 
It  not  only  contains  many  pecuhai  extiint  fnrms,  suth  is  Fusua  quadri- 
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cQstatus,  Say  (see  fig.  152),  and  Vewus  tridacnoiden,  abundant  in  these 
same  formations,  but  also  some  shells  which,  like  Fulgur  carica  of  Say, 
and  F.  canaliculatHS  (see  fig.  151),  Calyptrcea  coslala,  Venus  mm'cmuMia, 
Lam.,  Modiola  glimdula,,  Totten,  and  Pectm  inagellanieus,  Lam.,  are 
recent  apedea,  yet  of  forms  now  confined  to  the  western  aide  of  tJie  Atlan- 
tic, a  fact  implying  that  the  beginning  of  the  present  geographical  dis- 
tribution of  mollusea  dat«3  back  to  a  peiiod  as  remote  aa  that  of  the 
Miocene  strata. 

Of  ten  species  of  zoophytes  which  I  procured  on  the  banks  of  the 
James  River,  two  were  identical  with  species  of  the  Faluns  of  Touraine. 
"With  respect  to  climate,  Mr.  Lonsdale  regards  these  corals  as  indicating 
a  temperature  exceeding  tliat  of  the  Mediterranean,  and  the  shells  would 
lead  to  similar  conclusions.  Those  occurring  on  the  Jamea  River  are  in 
the  37th  degree  of  N.  latitude,  while  the  French  ialuns  are  ia  the  47tJi; 
yet  the  forms  of  the  American  fossils  would  scarcely  imply  so  warm  a 
climate  as  must  have  prevailed  in  France,  when  the  Miocene  strata  of 
Touraine  originated. 

Among  the  remains  of  fish  in  these  Post-Eocene  strata  of  the  United 
States  are  several  large  teeth  of  the  shark  family,  not  distinguishable 
specifically  Irom  fossils  of  the  faluns  of  Touraine,  and  the  Maltese  ter- 
IJaries. 

India. — The  freshwater  deposits  of  the  Sub-Himalayan  or  Sewftlik 
Hills,  described  by  Dr.  Falconer  and  Captain  Cantley,  may  perhaps  he 
regarded  as  Miocene.  Like  the  faluns  of  Touraine,  they  contain  the 
Deinotherium  and  Mastodon.  Whethei'  any  of  the  associated  freshwater 
and  land  shells  are  of  recent  species  is  not  yet  determined.  The  occur- 
rence in  them  of  a  fossil  giraffe  and  hippopotamus,  genera  now  only 
living  in  Afiica,  as  well  as  of  a  camel,  implies  a  geographical  state  of 
things  verj'  different  from  that  now  established  in  the  same  parts  of  India. 
The  huge  Sivatherium  of  the  same  era  appears  to  have  been  a  ruminating 
quadruped  bigger  than  the  rhinoceros,  and  provided  with  a  large  upper 
lip,  or  probably  a  short  proboscis,  and  having  two  pair  of  bonis,  resem- 
bling diose  of  antelopes.  Several  species  of  monkey  belonged  to  the 
same  fauna ;  and' among  the  reptiles,  several  crocodiles,  larger  than  any 
now  living,  and  an  enormous  tortoise,  Testudo  Atlas,  the  curved  shell  of 
which  measured  20  feet  across. 
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CHAPTER  XV. 


Eocene  areas  in  England  and  France— Tabular  view  of  Frencli  Eocene ,  strata — ■ 
Upper  Eocene  group  of  the  Paiis  basin — Same  beds  in  Belginm  and  at  Berlin — 
^yence  tertiary  strata— Freshwater  upper  Eocene  of  Central  Franca — Series 
f  geographical  changes  since  the  laud  emerged  in  Auvergne — Mineral  charac- 
ter an  uncertain  teat  of  age — Marls  containing  Oypris— OoUte  of  Eocene  period 
— IndnsiaJ  hmeatone  and  its  origin— Fosail  mammalia  of  the  upper  Eocene 
strata  in  Aurergne — Frealra'atet'  Etrata,  of  the  CantaJ,  oaleareoufl  and  siliceous 
—Its  posemblanco  to  chalk — Proofs  of  gradual  deposition  of  etcata, 

The  tertiary  stiata  described  in  the  preceding  chapters  are  all  of  ttem 
characterized  by  fossil  shells,  of  which  a  considerable  praportion  are  spe- 
dfioally  identical  with  the  living  moUusca ;  and  the  greater  the  number, 
the  more  nearly  does  the  entire  fauna  approach  in  species  and  genera  to 
that  now  inhabiting  the  adjoining  seas.  But  in  the  Elocene  formations 
nest  to  be  considered,  the  proportiou  of  recent  species  is  veiy  small,  and 
sometimes  scarcely  appreraable,  and  those  agreeing  with  the  fossil  testa 
cea  oilen  belong  to  remote  parts  of  the  globe,  and  to  various  zoological 
provinces.  This  difference  in  conohological  eliaraeter  implies  a  consider- 
able int«rv^  of  time  between  the  Eocene  and  Miocene  periods,  during 
which  the  whole  fauna  and  flora  underwent  other  changes  as  great,  and 
oilen  greater,  than  those  exhibited  by  the  mollusca.  In  the  accompany- 
ing map,  the  position  of  leveial  Eocene  areas  is  pointed  out,  such  aa  the 
basin  of  the  Tliame'  p-ut  of  Hamp'ihiie,  part  ot  the  K'etherlanis  and 
the  country  round  Pwis     The  deposits  howe\  er  oecupymg  these  spaces 


f**^  HjpDinQa  rooka  And  strata 

ta^     older  thirn  as  Devmlan 

or  Old  Red  series 


B.  The  spass  left  blank  <a  occup  e  i  bv  a  c 
itoae  to  tfe  cbalk  Inclnai  c 
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comprise  a  great  succession  of  marine  and  freshwater  formations,  which, 
althougt  they  may  all  be  termed  Eocene,  as  being  newer  than  the  chalk, 
and  older  than  the  faluns,  are  neveiiheless  divisible  into  separate  groups 
of  high  geological  impoitance. 

The  newest  of  these,  hke  the  Faluns  of  the  Loire,  have  no  true  repre- 
sentatives, or  exact  chronologic^  equivalents,  in  the  British  Isles.  Their 
place  in  the  series  will  best  be  understood  by  refening  to  the  order 
of  superposition  of  the  successive  deposits  found  in  the  neighborhood  of 
Paris,  The  area  which  has  been  called  the  Paris  basin  is  about  180  miles 
in  its  greatest  length  irom  northeast  to  southwest,  and  about  90  miles 
fi^om  e^t  to  west  This  apaee  may  be  described  as  a  depression  in 
the  cLalfc,  which  has  been  filled  up  by  alternating  groups  of  marine 
and  freshwater  strata.  MM.  Cuvier  and  Brongniart  attempted,  in 
1810,  to  distinguish  five  different  formations,  comprising  three  fresh- 
water and  two  marine,  which  alternated  with  each  other.  It  was 
imagined  that  the  waters  of  the  ocean  had  been  by  turns  admitted 
and  excluded  from  the  same  region ;  but  the  subsequent  investigations 
of  several  geologists,  especially  of  M.  Constant  Prevost,*  have  led  to 
great  modifications  in  these  theoretical  views;  and  now  that  the 
true  order  of  succession  is  better  understood,  it  appears  tliat  several 
of  the  deposits,  which  were  supposed  to  have  originated  one  after 
the  other,  were,  in  fact,  in  progress  at  the  same  time  by  the  joint  action 
of  the  sea  and  rivers, 


The  whole  s 


pressed  in  the  following  table ; 

',.  Upper  freshwater  limestone,  marls,  and  siliceous  mill- 


1.  Upper  Eorene   J  , 


strata  may  be  divided  into  three  gi'oup,  a 


Lower  freshwater  Lmeatona   and  marl,  or  gjpseous 

Sandatone  and  eanda  with  mftrine-ehells   (Sa&lfs  moi/ens, 

or  ffris  lie  Seauch/anp). 
Cakaire  grassier,  linieatone  with  marine  sheila. 
d.  Calcaire  siliceus,  liard  siliceous  frealiwater  limestone, 

for  Ihe  moat  part  contemporaneoua  with  c. 
ffl.  Lower  sanda  with  marine  shelly  beds  (Sables  inJMeurs 

St  lits  eoqidlliers). 
h.  Jjower  saoda,  with  lignite  and  plaatic  day  (8ithles  infi- 
Tuurt  el  argUei  plaalipiet). 

Postponing  to  the  next  chapter  the  o  de  t  t  tl  e  Jliddle  and 
Lower  Eocene  gi'oups,  I  shall  now  spealc  of  tl  o  Uppe  Eo  ene  of  Pai-is, 
and  its  foreign  equivalents. 

The  upper  freshwater  ma  la  and  1  meatone  (1  )  seem  f  have  been 
formed  in  a  great  number  of  mirsh  a  d  shallow  1  kea  such  as  fre- 
quently oveiapread  the  newe  t  p  rta  of  gr&  t  delfw  It  aj  pears  that 
many  layei's  of  marl,  tufaceo     1  m    tone    nlta     tnwt!  beds  of  flint, 

*  Bulletin  dea  Sc    d    I    b      PI  J  m  M  y  p  14 
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eontimious  or  in  nodules,  accumulated  in  these  lakes.  Ckarm,  aquatic 
plants,  already  alluded  to  (sec  p.  32),  left  tteir  stems  and  seed-vessels 
imbedded  both  in  tlie  marl  and  flint,  together  with  freshwater  and 
land  shells.  Some  of  the  siliceous  rocks  of  this  formation  are  uised  ex- 
tensively for  millstones.  The  flat  summits  or  platforms  of  the  hilla  round 
Paris,  large  areas  in  the  forest  of  Fontainebleau,  and  the  Plateau  de  la 
Beauce,  between  the  Seine  and  the  Loire,  are  chiefly  composed  of  these 
upper  freshwater  strata. 

The  upper  marine  sands  (1  6),  consist  chiefly  of  micaceous  and 
quartzose  sands,  80  feet  thick.  As  fhey  succeed  throughout  an  exten- 
sive area  deposit  of  a  purely  freshwatei'  origin  {2  «),  they  appear  to 
mark  a  subsidence  of  the  subjacent  soil,  whether  it  had  formed  the 
bottom  of  an  estuary  or  a  lake.  The  sea,  which  afterwards  took  pos- 
session of  the  same  space,  was  inhabited  by  testaeea,  almost  all  of  them 
diifering  from  those  found  in  the  lower  formations  (2  6  and  2  c),  and 
equaOy  or  still  more  distinct  from  the  Miocene  Faluns  of  subsequent 
date.  One  of  these  upper  Eocene  strata  in  the  neighborhood  of  Paris 
has  been  called  the  oyster  bed,  "couche  k  Ostrea  cyathnla,  hamk." 
which  is  spread  over  a  remarkably  wide  area.  From  the  manner  in 
which  the  oysters  lie,  it  is  inferred  that  they  did  not  grow  on  the  spot, 
but  that  some  current  swept  them  away  from  the  bed  of  oysters  formed 
in  some  other  part  of  the  bay.  The  strata  of  sand  which  immediately 
repose  on  the  oyster-bed  aje  quite  destitute  of  organic  remains;  and 
nothing  is  more  common  in  the  Paris  basin,  and  in  other  formations, 
than  ^temations  of  shelly  beds  with  othei-s  entirely  devoid  of  them. 
The  tempormy  extinction  and  renewal  of  animal  life  at  successive  pe- 
riods have  been  rashly  infeixed  iroia  such  phenomena,  which  may 
nevertheless  be  explained,  as  M.  Prevost  justly  remarks,  without  ap- 
pealing te  any  such  extraordinaiy  revolutions  in  the  state  of  the  animate 
creation.  A  current  one  day  scoops  out  a  channel  in  a  bed  of  shelly 
sand  and  mud,  and  the  next  day,  by  a  slight  alteration  of  its  com^e, 
ceases  to  prey  upon  the  same  bank.  It  may  then  become  charged  with 
sand  unmixed  with  shells,  derived  from  some  dnne,  or  brought  down  by 
a  river.  In  the  course  of  ages  an  indefinite  number  of  transitions  from 
shelly  strata  to  those  without  shells  may  thus  be  caused. 

Besides  these  oysters,  M.  Deshayes  has  described  29  species  of  shells, 
in  his  work  (Coquilles  fossilea  de  Paris),  as  belonging  to  this  formation, 
all  save  one  regarded  by  him  as  differing  fix)m  fossils  of  the  calcaire 
grossier.  Since  that  time  the  rmlway  cuttings  neat  Etampes  have  en- 
abled M.  Hubert. to  rmse  the  number  to  90.  I  have  myself  eolleoted 
fossils  in  that  district,  where  the  shells  are  very  entire,  and  detachable 
irom  the  yellow  sandy  matrix.  M.  Hebert  first  pointed  out  that  most 
of  them  agree  specifically  with  those  of  Kleyn-Spauwen,  Boom,  and  other 
localities  of  Limburg  in  Flandeis,  where  they  have  been  studied  by 
MM.  N jst  and  De  Koninck,* 

*  Hebert.  Bulletin.  1849,  vol.  vi.  2d  seiiea,  p.  469. 


-c  by  Google 


Ch.  XV.]  MATENCE  TBBTIAEY  STRATA.  177 

The  position  in  Belgium  of  tliis  formation  above  the  older  Eocene 
group  is  well  seen  in  the  small  hill  of  Pellenberg,  rising  ahruptly  fi'om 
the  great  pl^n,  half  a  mile  southeast  of  the  city  of  Louyaia,  where  I 
examined  it  in  company  with  M.  Kyst  in  1850.  At  the  top  of  the  hill, 
a  thin  bed  of  dart  grayish  green  tJle-elay  is  seen  1 J  foot  thick,  with  casts 
of  ^wcula  JDeahaysiana.  This  clay  rests  on  1 2  feet  of  yellow  sand,  sep- 
arated, by  a  band  of  flint  and  quartz  pebbles,  from  a  mass  of  subjacent 
white  sand  15  feet  thick,  in  which  casts  of  the  Eleyn  Spauwen  fossils 
have  been  met  with.  Under  this  a  bed  of  yellow  sand  1 2  feet  thick,  and, 
at  a  lower  level,  the  railway  cuttings  have  passed  through  calcareous 
sands  liko  those  of  Brussels,  in  which  the  Nautilus  Burttni,  and  various 
shells  common  to  tiie  older  Eocene  strata  of  the  naghborhood  of  Lon- 
don, have  been  obtained.  Every  new  fact  which  throws  light  on  the 
true  paleontolo^eal  relations  of  the  strata  now  under  consideration  {the 
Upper  Marine  or  FontMnebleau  beds  of  the  Paris  basic,  1  5,  p.  175), 
deserves  more  particular  attention,  because  geologists  of  high  authority 
differ  in  opinion  as  to  whether  they  should  be  classed  as  Eocene  or  Miocene. 

Professor  Beyrich  has  lately  desaibed  a  formation  of  the  same  age, 
occurring  within  7  miles  of  the  gates  of  Berlin,  near  the  village  of 
Heiiusdoi-t  where,  in  the  midst  of  the  sands  of  which  that  conntty 
chiefly  consists,  a  mass  of  ^e-clay,  more  than  40  feet  thick,  and  of  a  dark 
bluish  gi'ay  color,  is  found,  full  of  shells,  among  which  the  genera  Fums 
and  Pleurotowa  predominate,  and  among  the  bivalves,  Ifucvia  Deshay- 
siana,  Nyst,  an  extremely  common  shell  in  the  Bel^an  beds  above- 
mentioned,  M.  Beyrich  has  identified  eighteen  out  of  forty-five  species 
of  the  Hermsdorf  fossils  with  the  Belgian  species ;  and  I  believe  that  a 
much  laiger  propoi'fion  agree  with  the  Upper  Eocene  of  Belgium,  France, 
and  the  Ehine.  On  the  other  hand,  eight  of  the  foity-five  species  are 
supposed  by  him  to  agree  with  English  Eocene  shells.  Messrs.  Morris, 
Edwards,  and  S.  Wootl  have  compared  a  small  collection,  which  I 
obtained  of  these  Berlin  shells,  with  the  Eocene  fossils  of  their  museums, 
and  confirmed  the  result  of  M.  Beyrich,  the  species  common  to  the  Eng- 
lish fossils  belon^ng  not  simply  to  the  uppermost  of  our  marine  beds, 
or  those  of  Barton,  but  some  of  them  to  lower  parts  of  the  series,  such 
as  Bracklesham  and  Highgate.  On  the  other  hand,  while  these  testa- 
cea,  like  those  of  Kleyn  Spauwen  and  Etampes,  present  many  anaJogies 
to  the  Middle  and  Lower  Eocene  group,  they  differ  widely  from  the 
Falun  shells, — a  feet  the  more  important  in  reference  to  Etampea,  as  that 
locality  approaches  within  70  miles  of  Pontlevoy,  near  Blois,  and  within 
100  miles  of  SavignS,  near  Tours,  where  Falun  shells  are  found.  It  is 
evident  that  the  discordance  of  spedes  cannot  be  attiibuted  to  distance 
or  gei^raphical  causes,  but  must  be  referred  to  time,  or  the  different 
epoch  at  which  the  upper  marine  beds  of  the  Paris  basin  and  the  Faluns 
of  the  Loire  origiaated. 

— The  true  chronological  relation  of  many  tertiary  strata  on 
3  of  the  Rhine  has  always  presented  a  problem  of  considerable 
diiKculty.     They  occupy  a  tract  from  5  to  12  miles  in  breadth,  extend- 
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ing  along  the  left  Ijink  of  tlie  RMue  from  Mayence  to  tiio  neighborhood 
of  Manheim,  and  are  agajn  found  to  the  east,  north,  and  southwest  of 
Frankfort.     In  some  places  they  have  the  appearance  of  a  freshwater 
formation ,  hut  in  others,  as  at  Alzey,  the  shells  are  for  the  most  part 
marine.     Oentkta  are  m  great  profusion,  which  indicates  that  the  sea 
where  the  deposit  was  formed  was  fed  by  rivers ;  and  the  great  quantity 
of  fossil  land  shells,  chiefly  of  the  genus  Helix,  confirm  the  same  opinion. 
TJio  variety  in  the  species  of  shells  is  small,  while  the  individuals  are 
exceedingly  nnmerons ;  a  fact  which  accords  perfectly  with  the  idea  that 
the  formation  may  have  originated  in  a  gulf  or  sea  which, 
like  the  Baltic,  was  brackish  in  some  parts,  and  almost  fresh        '^' 
in  others,     A  species  of  Paludina  {fig.  154),  very  nearly  re-      ^^  % 
sembling  the  recent  Idttorina  ulva,  is  found  throughont  tiiis      «^^ 
basin.    These  shells  are  like  grains  of  rice  in  size,  and  are      ^fe^ 
often  in  such  quantity  as  to  form  entire  beds  of  marl  and     Faitsaijui. 
limestone.     They  are  as  thick  as  grains  of  sand,  in  stratified      MsTenca. 
masses  from  15  to  30  feet  in  thickness. 

That  these  Rhenish  tertiary  fonnatdons  agree  more  nearly  with  the 
Upper  Ekicene  deposits  above  enumerated,  than  with  any  others,  I  have 
no  doubt,  since  I  had  the  advantage  of  comparing  (August,  1850),  with 
the  assistance  of  M,  deKoninck  of  Li^ge,  the  fossils  fi-om  Kleyn  Spauwen, 
Boom,  and  other  Limbitrg  localities,  with  tMbse  from  Mayence,  Alzey, 
Weinheim,  and  other  Ehenish  strata.  Among  the  common  Belgian  and 
Rhenish  shells  which  are  identical,  I  may  mention  Cassidaria  depressa, 
Trifonium  jiandrkwn  Be  Koninck,  Cmithium  trmnctum  Kyst,  Toma- 
tella  simulata,  Bostellaria  Sowerbyi,  Nuciila .  Deshayaiarui,  Corhtla 
piaum,  and  Feclunculw  terebratiilark. 

Fi-om  these  Upper  Eocene  deposits  of  the  Rhine  M.  H.  von  Meyer  has 
obtained  a  great  number  of  characteristic  fossil  mammalia,  such  as  Pa- 
Imomceryx  medius,  Hyoiheriuw.  Meismmri,  Tapirws  Selveticus,  Anthra- 
cotherium,  Ahatieum,  and  others.  The  three  first  of  these  are  species 
common  to  some  of  the  lignite,  or  brown  coal  beds  in  Switaeiland,  com- 
monly classed  with  the  molaese,  but  of  which  the  true  age  has  not  yet 
been  distinctly  made  out. 

The  fossils  of  the  sandy  beds  of  Eppelsheim,  comprising  bones  of  the 
Deinotherium,  Mastodon,  and  other  quadrupeds,  are  regarded  by  H,  von 
Meyer  as  belon^ng  to  a  mammiferous  fauna  quite  distinct  fl'om  that  of 
the  Mayence  basin,  and  they  are  probably  referable  to  the  Miocene  period. 

The  upper  freshwater  strata  (1  a,  p.  l'?5),  of  the  neighborhood  of 
Paris,  stretch  southwards  from  tie  valley  of  the  Seine  to  that  of  the 
Loire,  and  in  the  last-mentioned  region  are  seen  to  be  older  than  tiie 
marine  fkluns,  so  that  the  perforating  shells  of  the  Miocene  sea  have 
sometimes  bored  the  hard  compact  freshwater  limestones;  and  fragments 
of  the  Upper  Eocene  rocks  are  found  at  Ponflevoy  and  elsewhere,  which 
have  been  rolled  in  the  bed  of  the  Miocene  sea. 

Central  France. — Lacustrine  strata  belonging,  for  the  most  part,,to 
the  same  Upper  Eocene  series,  are  again  met  with  in  Auvergne,  Cantal, 
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and  Velay,  the  sites  of  whith  riiy  be  'een  in  the  annexeil  map.     They 
appear  to  be  the  monuments  ot  inuont  Iilea,  which,  hi.e  af>me  of  those 
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now  existing  in  Switzerland,  once  occupied  the  depressions  in  a  mountain- 
ous region,  and  have  been  each  fed  by  one  or  more  rivers  and  torrents. 
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The  country  where  ihey  occur  is  almost  entirely  composed  of  granite 
and  different  varieties  of  granitic  schist,  with  here  and  tkere  a  few 
patches  of  secondary  strata,  much  difJoeated,  and  which  have  prohably 
suffered  great  denudation.  There  are  also  some  vast  piles  of  volcanic 
matter  (see  tlie  map),  the  gie^ter  part  of  which  la  newer  than  the  fresh- 
water strata,  and  is  sometimes  seen  to  tust  upon  them,  while  a  small  part 
has  evidently  been  of  contemporaneous  origin.  Of  these  igneous  rocks 
I  shall  treat  more  particularly  in  another  part  of  this  work. 

Before  entering  upon  any  details,  I  may  observe,  that  the  study  ^f 
these  regions  possesses  a  peculiar  interest,  very  distinct  in  kind  from  that 
derivable  from  tie  investigation  either  of  the  Parisian  or  English  ter- 
tiary strata.  For  we  are  presented  in  Auvergne  with  the  evidence  of  a 
series  of  events  of  astonishing  magnitude  and  grandeur,  by  which  the 
original  form  and  features  of  the  country  have  been  greatly  changed, 
yet  never  so  far  obliterated  but  that  they  may  still,  in  part  at  least,  be 
restored  in  ima^nation.  Great  lakes  have  disappeared, — lofty  moun- 
ttuns  have  been  formed,  by  the  reiterated  emission  of  lava,  preceded  and 
followed  by  showera  of  sand  and  scorije, — deep  valleys  have  been  sub- 
sequently furrowed  out  through  masses  of  lacustrine  and  volcanic  origin, 
— at  a  still  later  date,  new  cones  have  been  thrown  up  in  these  valleys, — 
new  hikes  have  been  foimed  by  the  damming  up  of  rivers, — and  more 
than  one  creation  of  quadrupeds,  birds,  and  plants,  Eocene,  Miocene,  and 
PUocene,  have  followed  in  succession ;  yet  the  re^on  has  preserved  fi'om 
first  to  last  its  geographical  identity ;  and  we  can  still  recall  to  our 
thoughts  its  external  condition  and  physical  sti'ucture  before  these 
wonderful  vicissitudes  began,  or  while  a  part  only  of  the  whole  had 
been  completed.  There  was  first  a  period  when  the  spacious  lakes,  of 
which  we  still  may  trace  the  boundai-ies,  lay  at  the  foot  of  mountains  of 
moderate  elevation,  unbroken  by  the  bold  peaks  and  precipices  of  Mont 
Dor,  and  unadorned  by  the  picturesque  outiine  of  the  Puy  de  Dome,  or 
of  the  volcanic  cones  and  craters  now  covering  the  granitic  platform. 
During  this  eai'lier  scene  of  repose  deltas  were  slowly  formed  ;  beds  of 
marl  and  sand,  several  hundred  feet  thick,  deposited ;  siliceous  and  cal- 
careous rocks  predpitatfid  from  the  waters  of  mineral  springs  ;  shells  and 
insects  imbedded,  together  with  the  remains  of  the  crocodile  and  tor- 
toise, the  eggs  and  bones  of  water  birds,  and  the  skeletons  of  quadru- 
peds, some  of  them  belonging  to  the  same  genera  as  those  entombed  in 
the  Eocene  gypsum  of  Paris.  To  this  tranquil  condition  of  the  surface 
succeeded  the  era  of  volcanic  eruptions,  when  the  lakes  were  drained, 
and  when  the  fertiUty  of  the  mountainous  district  was  probably  enhanced 
by  the  igneous  matter  ejected  Irom  below,  ajid  poured  down  upon  the 
more  sterile  gi'anite.  During  these  ei'uptions,  which  appear  to  have 
taken  place  after  the  disappearance  of  the  Eocene  fauna,  and  in  the  Mi- 
ocene epoch,  the  mastodon,  rhinoceros,  elephant,  tapir,  hippopotamus, 
together  with  the  ox,  various  kinds  of  deer,  the  bear,  hyiena,  and  many 
beasts  of  prey,  ranged  the  forest,  or  pastured  on  the  plain,  and  were 
occasionally  overtaken  by  a  fall  of  burning  cinders,  or  biuied  in  flows  of 
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mud,  such  as  accompany  volcanic  eruptions.  Lastly,  these  quadrupeds 
became  extinct,  and  ^ve  place  to  Pliocene  mammalia,  and  these  in  their 
turn,  to  spedes  now  existing.  There  are  no  signs,  during  the  whole  time 
required  for  this  series  of  events,  of  the  sea  having  intervened,  nor  of 
any  denudation  which  may  not  have  been  accompMshed  by  currents  in 
the  different  lakes,  or  by  rivers  and  floods  accompanying  repeated  earth- 
quakes, during  which  the  levels  of  the  district  have  m  some  places  been 
materially  modified,  and  perhaps  the  whole  upraised  lelatively  to  the 
surrounding  parts  of  France. 

Attverffne. — The  most  northern  of  the  freshwater  groups  is  situated 
in  the  valley-plain  of  the  AUier,  which  lies  within  the  department  of  the 
Pay  do  Dome,  being  the  tract  which  went  formeily  by  the  name  of  the 
Limagne  d'Auvergne.  It  is  inclosed  by  two  parallel  mountain  ranges, — 
that  of  the  Forez,  which  divides  the  waters  of  the  Loire  and  Allier,  on 
tie  east;  and  that  of  the  Monfs  Domes,  which  separates  the  AlUer  from 
the  Sioule,  on  the  west.*  The  average  breadth  of  this  tract  is  about  20 
miles  ;  and  it  is  for  the  most  part  composed  of  nearly  horizontal  strata  of 
sand,  sandstone,  calcareous  marl,  clay,  and  limestone,  none  of  which  ob- 
serve a  fixed  and  invariable  order  of  superposition.  The  ancient  borders 
of  the  lake,  wherein  the  freshwater  strata  were  accumulated,  may  gen- 
erally be  traced  with  precision,  the  gi'anite  and  other  ancient  rocks  rising 
up  boldly  from  the  level  country.  The  actual  junction,  however,  of  the 
lacustrine  and  granitic  beds  is  rarely  seen,  as  a  small  valley  usually  in- 
tervenes between  them.  The  freshwater  strata  may  sometimes  be  seen 
to  retain  their  horizontality  within  a  very  slight  distance  of  the  border- 
rocks,  while  in  some  places  they  are  inclined,  and  in  few  instances  ver- 
tical. The  principal  divisions  into  which  the  lacustrine  series  may  be 
separated  are  the  following; — 1st,  Sandstone,  grit,  and  conglomerate, 
including  red  marl  and  red  sandstone.  3dly,  Green  and  white  foliated 
marls.     3dly,  Limestone  or  travertin,   often   oolitic     4thly,  Gypseous 

1.  a.  Sandstone  and  conglomerate. — Strata  of  sand  and  gravel,  some 
times  bound  together  into  a  solid  rock,  are  found  in  great  abundance 
around  the  confines  of  the  lacustrine  basin,  containing,  in  different  places, 
pebbles  of  all  the  ancient  rocks  of  the  adjoining  elevated  country ; 
namely,  granite,  gneiss,  micarschist,  clay-slate,  porphyry,  and  othei's. 
But  these  strata  do  not  form  one  continuous  band  around  the  mar^n  of 
the  basin,  being  rather  disposed  like  the  independent  deltas  which  grow 
at  the  mouths  of  torrents  along  the  borders  of  existing  lakes. 

At  Chamalieres,  near  Clermont,  we  have  an  example  of  one  of  these 
deltas,  or  littoral  deposits,  of  local  extent,  where  the  pebbly  beds  slope 
away  from  the  gi'anite,  as  if  they  had  formed  a  talus  beneath  the  waters 
of  the  lake  near  the  steep  shore.  A  section  of  about  50  feet  in  vertical 
height  has  been  laid  open  by  a  toiTent,  and  the  pebbles  are  seen  to  con- 
sist throughout  of  rounded  and  angular  fragments  of  granite,  quarta, 

*  Scrope,  Geology  of  Ceuti-iil  France,  p.  15. 
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primary  slate,  and  red  sandstone  ;  but  without  any  intermixture  of  those 
volcanic  rocks  which  now  abound  in  the  neighborhood,  and  which  could 
not  have  been  there  when  the  conglomerate  was  formed.  Partial  layera 
of  lignite  and  pieces  of  wood  are  found  in  these  beds. 

At  some  localities  on  the  margin  of  the  basin  quartzoae  grifa  are 
found ;  and,  where  these  rest  on  granite,  they  are  sometimes  formed  of 
separate  crystals  'of  quartz,  mica,  and  felspar,  derived  from  the  disin- 
tegrated granite,  the  crystals  having  been  subsequently  bound  together 
by  a  siliceous  cement.  In  these  cases  the  gi'anite  seems  regenerated  in 
a  new  and  more  solid  fonn;  and  so  gradual  a  parage  takes  place 
between  tlie  rock  of  crystalline  and  that  of  mechanical  origin,  that  we 
can  scarcely  distinguish  where  one  ends  and  the  otiier  be^ns. 

In  the  hills  calied  the  Puy  de  Jussat  and  La  Roche,  we  have  the 
advantage  of  seeing  a  section  continuously  exposed  for  about  TOO  feet  in 
thiekneK.  At  the  bottom  are  foliated  mails,  whit«  and  green,  about  400 
feet  thick;  and  above,  resting  on  the  marls,  are  the  quartzose  giits, 
cemented  by  calcareous  matter,  which  is  sometimes  so  abundant  as  to 
form  imbedded  nodules.  These  sometimes  constitute  spheroidal  concre- 
tions 6  feet  in  diameter,  and  pass  into  beds  of  solid  limestone,  reaembhng 
the  Italian  travertins,  or  the  deposits  of  mineral  springs.  This  section 
is  close  to  the  confines  of  the  basin ;  bo  that  the  lake  must  here  have 
been  filled  up  near  the  shore  witli  fine  mud,  before  the  coarse  superin- 
cumbent sand  was  introduced.  There  are  other  cases  where  sand  is  seen 
below  the  marl. 

1.  b.  Red  marl  and  sandstone. — But  the  most  remarkable  of  the 
arenaceous  groups  is  one  of  red  sandstone  and  re<l  marl,  which  are  iden- 
tical in  all  their  mineral  characters  with  the  secondary  ^ew  Med  sand- 
stme  and  marl  of  England.  In  these  secondary  rocks  the  red  ground  ia 
sometimes  variegated  with  light  greenish  spots,  and  the  same  may  be 
seen  in  the  tertiary  formation  of  freshwater  origin  at  Coudes,  on  the  Al- 
lier.  The  marls  are  sometimes  of  a  purplish-red  color,  as  at  Champheix, 
and  are  accompanied  by  a  reddish  limestone,  like  the  well-known  "  corn- 
stone,"  which  is  a^odated  witli  the  Old  Red  sandstone  of  English  geol- 
ogists. The  red  sandstone  and  marl  of  Anvergne  have  evidently  been 
derived  from  the  degradation  of  gneiss  and  mica-schist,  which  are  seen 
in  sitw  on  the  adjoining  hills,  decomposing  into  a  soil  very  similar  to  the 
tertiary  red  sand  and  marl.  We  also  find  pebble  oJ  gneiss,  mica-schist, 
and  qnarta  in  tie  coarser  sandstones  of  liis  gi'oup,  dearly  pointing  to 
the  parent  rocks  from  which  the  sand  and  marl  are  derived.  The  red 
beds,  although  destitute  themselves  of  oigunio  remains,  pass  upwards 
into  strata  containing  Eocene  fossils,  and  are  cei'tainly  an  integral  part  of 
the  lacustrine  formation.  Fi^om  this  example  the  student  will  learn  how 
small  is  the  value  of  mineral  character  alone,  as  a  test  of  the  relative 
age  of  rocks. 

2.  Green  avd  white  foliated  marls. — ^The  same  primary  rocks  of  Au- 
vergne,  which,  by  the  partial  degradation  of  their  harder  parts,  gave  rise 
to  the  quartzose  grita  and  conglomerates  before  mentioned,  would,  by  the 
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reducljoa  of  the  same  matenals  into  powder,  and  by  the  decompotdtion 
of  their  felspar,  mica,  and  hornblende,  produce  aluminous  day,  and,  if  a 
sufficient  quantity  of  earbonat*  of  lime  was  present,  calcareous  marl. 
This  fine  sediment  would  naturally  be  carried  out  to  a  greater  distance 
from  the  shore,  as  are  the  vai'ious  finer  marls  now  deposited  iu  Lake 
Superior,  And,  as  in  the  American  lake,  shingle  and  sand  are  annually 
amassed  near  the  northern  shores,  so  in  Auvergne  the  grits  and  con- 
glomerates before  mentioned  were  evidently  formed  near  the  borders. 

The  entire  thickness  of  these  maris  is  unknown  ;  hut  it  certainly  ex- 
ceeds, in  some  places,  700  feet.  They  are,  for  tbe  most  part,  either 
light-green  or  white,  and  usually  calcareous.  They  are  thinly  foliated, 
— a  diaraeter  which  frequentiy  arises  from  the  innumerable  thin  shells, 
or  caiapacB  valves,  of  that  small  animal  called  Cyprk  ;  a  genus  which 
eiil  spetiea,  of  which  some  are  recent,  and  may  be  seen 
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Chjpris  vidiut,  a  liying;  spacles, 
greatlj'  magnlfioa.* 


a  Upp. 


swimming  swiftly  through  the  waters  of  our  stagnant  pools  and  ditches. 
The  antennse,  at  the  end  of  which  ai'e  fine  pencils  of  hair,  are  the  prin- 
cipal organs  of  motion,  and  are  seen  to  vibrate  with  great  rapidity.  This 
animal  resides  within  two  small  valves,  not  unlike  those  of  a  bivalve 
shell,  and  moults  its  integuments  periodically,  which  the  conchiferous 
mollusks  do  not.  This  circumstance  may  partly  explain  the  countless 
myriads  of  the  shells  of  Cypria  which  were  shed  in  the  andent  lakes  of 
Auvei^e,  so  as  to  g^ve  rise  to  divisions  in  the  marl  as  thin  as  paper, 
and  that,  too,  in  stratified  masses  several  hundred  feet  thick.  A  more 
convincing  proof  of  the  tranquillity  and  clearness  of  the  wafers,  and  of 
the  slow  and  gradual  process  by  whidi  the  lake  was  filled  up  with  fine 
mild,  cannot  be  desired.  But  we  may  easily  suppose  that,  while  this 
fine  sediment  was  thrown  down  in  the  deep  and  central  parta  of  the 
basin,  gravel,  sand,  and  rocky  fi'agmenta  wei'e  hurried  into  the  lake,  and 
deposited  near  the  shore,  forming  the  group  described  in  the  preceding 
section. 

Not  fiir  from  Clermont,  the  gi'een  marls,  containing  the  Cypris  in 

*  See  Desmai'est's  Cruatacca,  plate  S6. 
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abundance,  approach  to  within  a  few  yards  of  the  granite  which  forms 
the  bordefs  of  the  basin.  The  occurrence  of  these  marls  so  near  the 
ancient  mai'giii  may  be  explained  by  considering  that,  at  the  bottom  of 
the  ancient  lake,  no  coarse  ingi^edienta  were  deposited  in  spaces  intei>- 
mediate  between  the  points  where  rivers  and  torrents  entered,  but  finer 


mud  only  was  drifted  there  by  currents.  The  jwftcaft/y  of  ^ome  if  the 
beds  in  the  above  section  bears  testimony  to  eonsider^blp  local  dittmb 
ance  subsequent  io  the  deposition  of  the  marls  ,  but  such  intlmed  md 
vertical  strata  are  very  rare. 

3.  IdTMstime,  travertin,  oolite. — Both  the  prei^ding  members  of  ihf 
lacustrine  deposit,  the  marls  and  grits,  pass  occa'aonally  into  hmestone 
Sometimes  only  concretionary  noditles  abound  in  them ;  but  these,  where 
there  is  an  increase  in  the  quantity  of  calcareous  matter,  unite  into  reg- 
ular beds. 

On  each  aide  of  the  basin  of  the  Limagne,  both  on  the  west  at  Gan- 
nat,  and  on  the  east  at  Vichy,  a  white  oolitic  limestone  is  quan'ied.  At 
Vichy,  the  oolite  resembles  our  Bath  stone  in  appearance  and  beauty  ; 
and,  like  it,  is  soft  when  first  taken  from  the  quany,  but  soon  hardens 
on  exposure  to  the  air.  At  Gannat,  the  stone  contains  land-shells  and 
bones  of  quadrupeds,  resembhng  those  of  the  Paris  gypsum.  At  Chad- 
rat,  in  the  hill  of  La  Serre,  the  limestone  is  pisolific,  the  small  spheroids 
combining  both  the  radiated  and  concentric  structure. 

Indusial  limestone. — There  is  another  remarkable  form  of  freshwatei' 
limestone  in  Auveigne,  called  "  indusial,"  from  the  cases,  or  i-ndudm,  of 
caddis-worms  (the  larvre  of  Phrygama) ;  great  heaps  of  which  have 
been  incrusted,  as  they  lay,  by  carbonate  of  lime,  and  formed  into  a  hard 
traverliu.  The  I'ock  is  sometimes  purely  calcareous,  but  there  is  occa- 
sionally an  intermixture  of  siliceous  matter.  Several  beds  of  it  are  fre- 
quently seen,  either  in  continuous  masses,  or  in  concretionary  nodules, 
one  upon  another,  with  layers  of  marl  interposed.  The  annexed  draw- 
ing (fig.  150)  will  show  the  manner  in  which  one  of  these  indusial  beds 
(a)  is  laid  open  at  the  surface,  between  the  marls  (i  6),  near  the  base  of 
the  hill  of  Gergovia ;  and  affords,  at  the  same  time,  an  example  of  the 
extent  to  which  the  lacustrine  strata,  which  must  once  have  filled  a  hol- 
low, have  been  denuded,  and  shaped  out  into  hills  and  valleys,  on  the 
site  of  the  ancient  lakes. 
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We  B  av  oft«n  ol-s  r  e  n  oui  [  oiids  Le  Phrjg  ti  a  {  C'id  1  ce-fly), 
in  its  ate  piilir  state  eo  pred  w  tli  sn  ali  fresl  wa  *r  shells  wind  they 
■  have  the  power  of  fix  ng  to  (he  «  ts  de  of  the  r  ti  h  !•«■  case,  n  ordei-, 
probab  y  toe,  «,  them  we  ght  a  d  atreagth  The  nd  d  al  figu  e  I  in 
the  ai]np':ed  f  ut,  which  belongs  to  a  species  very  abundant  in  England, 
has  covered  its  case  with  shells  of  a  small 
JPlanorbis.  In  the  same  manner  a  large 
species  of  caddis-worm,  which  swarmed  in  the 
Eocene  lakes  of  Auvergne,  was  accustomed 
to  attach  to  its  dwelling  the  sheila  of  a  small 
spiral  univalve  of  the  genus  Paludina.  A 
hundred  of  these  minute  shells  are  some- 
times seen  arranged  around  one  tube,  part  of  the  central  cavity  of  which 
is  often  empty,  the  rest  being  filled  up  with  thin  concentric  layers  of 
travertin.  The  cases  have  been  thrown  together  confusedly,  and  often 
lie,  as  in  fig.  161,  at  right  angles  one  to  the  other.  "When  we  consider 
ng  181 
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*  I  believe  that  tha  British  speci 
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that  ten  or  twelve  tubes  are  packed  within  the  compass  of  3  cubic  inci, 
and  that  some  single  strata  of  this  limestone  are  6  feet  thick,  and  may 
be  traced  oyer  a  considerable  area,  we  may  form  some  idea  of  the  counts 
less  niimber  of  insects  and  mollusca  which  contiibuted  their  integuments 
and  shells  to  compose  this  singularly  consti'ueted  rock.  It  is  unnecessa- 
ry to  suppose  ttat  tlie  Phryganece  Jived  on  the  spots  where  their  cases 
are  now  found ;  they  may  have  muItipMed  in  the  shallows  near  the 
mar^n  of  fJie  lake,  or  in  fLe  streams  by  which  it  was  fed,  and  fkeir 
cases  may  have  been  drifted  by  a  current  tax  into  the  deep  water. 

In  the  summer  of  1837,  when  examining,  in  company  witii  Dr.  Beck, 
a  small  lake  near  Copenhagen,  I  had  an  opportunity  of  mtnessing  3 
beautiful  exemplification  of  the  manner  in  which  the  tubular  cases  of 
Auveigne  were  probably  accumulated.  This  lake,  called  the  Fuure-Soe, 
occuning  in  the  interior  of  Seeland,  is  about  twenty  English  miles  in 
drcumference,  and  in  some  parts  200  feet  in  depth.  Round  the  shallow 
borders  an  abundant  crop  of  reeds  and  rushes  may  be  observed,  covei'ed 
with  the  indusiffi  of  the  Phrygatiea  grandis  and  other  species,  to  which 
shells  are  attached.  The  plants  which  support  them  are  the  bullrush. 
Scirpus  lacustris,  and  common  reed,  A^-vtndo  phraffmitia,  but  chiefly  the 
former.  In  smuraer,  especially  in  the  month  of  June,  a  violent  gust  of 
wind  sometimes  causes  a  cun'ent  by  which  these  plants  are  torn  up  by 
the  roots,  washed  away,  and  floated  off  in  long  bands,  more  than  a  mile 
in  length,  into  deep  water.  The  Ci/pris  swarms  in  the  same  lake;  and 
calcareous  springs  alone  are  wanting  to  form  extensive  beds  of  indusial 
limestone,  like  those  of  Auvergne. 

4.  Gypseous  mark.— More  than  50  feet  of  thinly  laminated  gypseous 
mails,  exactly  resembling  those  in  the  hill  of  Montmartre,  at  Paris,  are 
worked  for  gypsum  at  St.  Eomain,  on  the  right  bank  of  the  Allier.  They 
rest  on  a  series  of  green  cyprifei-ous  marls  which  alternate  with  giit,  the 
united  thickness  of  this  inferior  group  being  seen,  in  a  vertical  section  on 
the  banks  of  the  river,  to  esceed  250  feet. 

General  arrangement,  origin,  and  age  of  the  freshwater  foTttiatiom 
of  Auvergm. — The  relations  of  the  different  groups  above  described  can- 
not be  learnt  by  the  study  of  any  one  section  ;  and  the  geologist  who 
sets  out  with  the  expectation  of  finding  a  fixed  order  of  succession  may 
perhaps  complain  that  the  different  parts  of  the  basin  ^ve  contradictory 
results.  The  arenaceous  division,  the  marls,  and  the  limestone,  may  all 
be  seen  in  some  places  to  alternate  with  each  other  ;  yet  it  can  by  no 
means  be  affirmed  that  there  is  no  order  of  arrangement.  The  sands, 
sandstone,  and  conglomerate  constitute  in  general  a  httoraV  group  ;  the 
foliated  white  and  green  marls,  a  contemporaneous  central  deposit ;  and 
the  limestone  is  for  the  most  part  subordinate  to  the  newer  portions  of 
both.  The  uppermost  marls  and  sands  are  more  calcareous  than  the 
lower ;  and  we  never  meet  with  calcareous  rocks  covered  by  a  consider- 
able thickness  of  quartzose  sand  or  green  mail.  From  the  resemblance 
of  the  limestones  to  the  Italian  travertins,  we  may  conclude  that  they 
were  derived  from  the  waters  of  mineral  springs, — such  springs  as  even 


-=b,Google 


Co.  XV.]  LACDSTKINE  SIRATA — ADVEBGNE.  187 

now  exist  in  Auvergne,  and  which  may  be  seen  rising  up  tiirougli  the 
granite,  and  precipitating  travertin.  They  are  sometimes  tliennal,  tnt 
Siis  character  is  hy  no  means  constant 

It  seems  that,  when  the  ancient  lake  of  the  Limagno  first  hegaii  to  be 
filled  with  sediment,  no  volcanic  action  had  yei  produced  lava  and  scoriEe 
on  any  part  of  the  smface  of  Anvergne.  No  pebbles,  therefore,  of  lava 
were  transported  into  the  lake,— no  fragments  of  volcanic  roots  im- 
bedded in  tlie  conglomerate.  But  at  a  later  period,  when  a  considerable 
thickness  of  sandstone  and  marl  had  accmnulated,  eruptions  broke  oat, 
and  lava  and  tuff  were  deposited,  at  some  spots,  alternately  with  tiie 
lacustrine  strata.  It  is  not  improbable  that  cold  and  thermal  springs, 
holding  different  mineral  ingredients  in  solution,  became  more  numerous 
during  the  successive  convulsions  attending  this  development  of  volcanic 
agency,  and  thus  deposits  of  eaJ-bonate  and  sulphate  of  lime,  silex,  and 
other  minerals  were  produced.  Hence  these  minerals  predominate  in 
the  uppermost  sti:ata.  The  subterranean  movements  may  then  have 
continued,  until  they  altered  the  relative  levels  of  the  country,  and  caused 
tlie  waters  of  the  lakes  to  be  drained  off,  and  the  farther  accumulation 
of  regular  ftesh water  strata  to  cease. 

We  may  easily  conceive  a  similar  series  of  events  to  give  rise  to  anal- 
ogous results  in  any  modern  basin,  such  as  that  of  Lake  Superior,  for 
example,  where  numerous  rivere  and  forrente  are  canjing  down  the 
deti-itus  of  a  chain  of  mountains  into  the  lake.  The  transported  mate- 
rials must  be  arranged  according  to  their  size  and  weight  the  coarser 
near  the  shore,  the  finer  at  a  greater  distance  fi'om  land ;  but  in  the 
gravelly  and  sandy  beds  of  Lake  Superior  no  pebbles  of  modem  volcanic 
rooks  can  be  included,  since  there  are  none  of  these  at  present  in  the 
district.  If  igneous  action  should  break  out  in  that  country,  and  pro- 
duce lava,  scoriae,  and  thermal  springs,  the  deposition  of  gravel,  sand, 
and  marl  might  still  continue  as  before ;  but,  in  addition,  there  would 
then  he  an  intermixture  of  volcanic  gravel  and  tuff,  and  of  rocks  predp- 
itated  fcom  the  waters  of  mineral  springs. 

Although  the  freshwater  strata  of  the  Limagne  approach  generally  to 
a  horizontal  position,  the  proofe  of  local  disturbance  are  sufiieientiy 
numerous  and  violent  to  allow  ns  to  suppose  great  changes  of  level  since 
the  lacustrine  period.  We  are  unable  to  assign  a  northern  barrier  to  the 
ancient  lake,  although  we  can  still  trace  ite  hmlts  to  the  east,  west,  and 
south,  where  they  were  formed  of  bold  granite  eminences.  Nor  need 
we  be  surprised  at  our  inability  to  restore  entirely  the  physical  geography 
of  tiie  country  after  so  great  a  series  of  volcanic  eruptions;  for  it  is  by 
no  means  improbable  that  one  part  of  it,  the  southern,  for  example,  may 
have  been  moved  upwards  bodily,  while  others  remained  at  rest,  or  even 
siiffei'cd  a  movement  of  depression. 

Whether  all  the  freshwater  fomations  of  the  Limagne  d'Auveigne 
belong  ta  one  period  I  cannot  pretend  to  decide,  as  large  masses  both 
of  the  arenaceous  and  marly  groups  are  often  devoid  of  fossils.  Much 
light  has  been  thi'own  on  the  mammiferous  fauna  by  tlie  labors  of 


-c  by  Google 


188  EOCENE  STRATA — CANTAL.  [Ch.  XV. 

MM.  Bravard  and  Croizet,  and  by  those  of  M.  Pomel.  The  last-mentioned 
naturalist  has  pointed  out  the  specific  distinction  of  all,  or  nearly  al3,  the 
species  of  mammaJJa,  from  those  of  the  gypseous  series  near  Paris. 
Nevei'Uieless,  many  of  the  foims  are  analogous  to  those  of  Eocene  quad- 
rupeds. The  Cainotkmvm,  for  example,  is  not  for  removed  from  the 
Amyilolherittm,  and  is,  according  ta  Waterhouse,  the  same  as  the  genus 
McrotltertTim  of  the  Germans.  There  are  two  species  of  maisnpisl 
animals  allied  to  Didelphys,  a  genus  also  found  in  the  Paris  gypsum. 
The  JmpMtmgtil'm  elegam  of  Pomel  Las  been  identified  with  a  Khenish 
species  from  Weissenau  near  Mayence,  called  by  Eaup  Dorcathmum 
nanum;  and  otber  Auveigne  fossils,  e.  g.,  Mkrotheriam  Reuggeri,  and  a 
small  rodent,  Titaiumys,  are  specifically  fte  same  with  mammalia  of  fte 
Mayence  basin. 

Catital. — A  &>esli water  formation,  very  analogous  to  that  of  Auvergne, 
is  situated  in  the  department  of  Haute  Loire,  near  the  town  of  Le  Puy, 
in  Velay,  and  another  occurs  near  Aurillac,  in  Cantal.  The  leading 
feature  of  the  formation  last  mentioned,  as  distinguished  from  those  of 
Auvergne  and  Velay,  is  the  immense  abundance  of  silex  associated  with 
calcareous  marls  and  limestone. 

The  whole  series  may  be  separated  into  two  dirisions;  the  lower, 
composed  of  gravel,  sand,  and  clay,  such  as  might  have  been  derived 
fi\>m  the  wearing  down  and  decomposition  of  the  granitic  schists  of  the 
surrounding  country  ;  tlie  upper  system,  consisting  of  siliceous  and  cal- 
rtareous  maris,  contains  subordiuately  gypsum,  silex,  and  limestone. 

The  resemblance  of  the  freshwater  limestone  of  the  Cantal,  and  its 
dccompanying  flint,  to  the  upper  challr  of  England,  is  very  instructive, 
and  well  calculated  to  put  the  student  upon  liis  guard  against  rely- 
ing too  implicitly  on  mineral  character  alone  as  a  safe  criterion  of 
relative  age. 

When  we  approadi  Aurillac  fi^m  lie  west,  we  pass  over  gi'eat  heathy 
plains,  where  the  sterile  mica-schist  is  barely  covered  with  vegetation. 
Near  Ytrac,  and  between  La  Capelle  and  Visoamp,  the  surface  is  strewed 
over  with  loose  broken  flints,  some  of  them  black  in  the  interior,  but 
■with  a  white  external  coating ;  others  stained  with  tints  of  yellow  and 
red,  and  in  appearance  precisely  like  tiie  flint  gravel  of  our  chalk 
districts.  When  heaps  of  this  gi'avel  have  thus  announced  our  approach 
to  a  new  formation,  we  arrive  at  length  at  the  escarpment  of  the 
lacustrine  beds.  At  the  bottom  of  the  Irill  which  rises  before  us,  we  see 
strata  of  clay  and  sand,  resting  on  mica-schist;  and  above,  in  the 
quanies  of  Belbet,  Leybros,  and  Bruel,  a  white  limestone,  in  horizontal 
strata,  the  surfece  of  which  baa  been  hollowed  out  into  irregular  furrows, 
since  filled  up  with  broken  flint,  marl,  and  dart  vegetable  mound. 
In  these  cavities  we  recognize  an  exact  counterpart  to  those  which  are 
so  numerous  on  the  furrowed  surface  of  our  own  white  chalk.  Ad- 
vancing fimn  these  quarries  along  a  road  made  of  the  white  limestone, 
which  reflects  as  glaring  a  light  in  the  sun  as  do  our  roads  composed 
of  chaik,  we  reach,  at  length,  in  the  neighborhood  of  Aurillac,  hills  of 
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Kmestone  and  calcareous  marl,  in  horizontal  strata,  separated  in  some 
places  by  regular  layers  of  flint  in  nodules,  the  coating  of  each  nodule 
bang  of  an  opaque  white  color,  like  tke  exterior  of  the  flinty  nodules  of 
our  chalk. 

It  will  he  remembered  that  the  siliceous  stone  of  Bilin,  called  ^-ipoli, 
is  a  ft'eshwater  deposit,  and  has  been  shown,  by  Ehrenberg,  to  be  of 
infusorial  origin  (see  p.  24).  What  is  true  of  the  Bohemian  flint  and 
opal,  where  the  beds  attain  a  thickness  of  14  feet,  may  also,  perhaps,  be 
found  to  hold  good  respecting  the  siles  of  Amiilac,  which  may  also 
have  been  immediately  derived  from  the  minute  cases  of  microscopic 
animdeules.  But  even  if  this  conclusion  be  established,  the  abundant 
supply  both  of  siliceous,  calcareous,  and  gypseous  matter,  which  the 
anraent  lakes  of  France  received,  may  have  been  connected  with  the 
subf«n'anean  volcanic  agency  of  which  those  regions  were  so  long  the 
theatre,  and  which  may  have  impregnated  the  springs  with  mineral 
matter,  even  before  the  great  outbreak  of  lava.  It  is  well  known  that 
the  hot  springs  of  Iceland,  and  many  other  countries,  contain  silex  in 
solution,  and  it  has  been  lately  afEinned,  that  steam  at  a  high  temperature 
is  capable  of  dissolving  quartzose  rocts  without  the  aid  of  any  alkaline 
or  otiier  fiux.* 

Travellers  not  unfrequenfly  mention,  in  their  accounts  of  India, 
Ansti-alia,  and  other  distant  lands,  tliat  they  have  seen  chalk  with  flints, 
which  they  have  assumed  to  be  of  the  same  age  as  the  Cretaceous 
system  of  Europe.  A  tasty  observation  of  the  white  limestone  and  flint 
of  Aurillae  might  convey  the  same  idea ;  but  when  we  turn  from  the 
mineral  aspect  and  composition  to  ike  oiganic  remains,  we  flnd  in  the 
flints  of  the  Oantal  the  seed-vessels  of  tiie  freshwater  Chara,  instead  of 
the  marine  zoophytes  so  abundantly  imbedded  in  chalk  flints ;  and  in  the 
limestone  we  meet  with  shells  of  Mmnea,  Planorbis,  and  other  lacustrine 
genera,  instead  of  the  oyster,  terebratula,  and  echinus  of  the  Cretaceous 
period. 

Proofs  of  gradual  df^Kmlion. — Some  sections  of  tlie  foliated  marls  in 
the  valley  of  the  Oer,  near  Aurillac,  attest,  in  the  most  unequivocal 
manner,  the  extreme  slowness  with'which  the  materials  of  the  lacustrine 
series  were  amassed.  In  the  hill  of  Ban'at,  for  example,  we  find  an 
assemblage  of  calcareous  and  siliceous  marls,  in  which,  for  a  depth  of  at 
least  60  feet,  the  layers  are  so  thin,  that  thirty  are  sometimes  contdned 
in  the  thickness  of  an  inch ;  and  when  they  are  separated,  we  see  pre- 
served in  every  one  of  them  the  flattened  stems  of  Charm,  or  other 
plants,  or  sometimes  myriads  of  small  Paludinx  and  other  freshwater 
shells.  These  minute  foHatioas  of  tha  marl  resemble  precisely  some  of 
the  recent  laminated  beds  of  tiie  Scotch  marl  lakes,  and  may  be  com- 
pared to  the  pages  of  a  book,  each  containing  a  history  of  a  certain  period 
of  the  past.  The  different  layere  may  be  grouped  together  in  beds  from 
a  foot  to  a  foot  and.  a  half  in  thickness,  which  are  distinguished  by  dif- 

»  See  Proceedings  of  Roy.  8oc  No.  44,  p.  23S. 
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fei'ences  of  composition  and  color,  tke  tinfa  being  white,  green,  ant.1 
brown.  Occasionally  there  is  a  parting  layer  of  pure  flint,  or  of  black  cai'- 
bonaceoTis  vegetable  matter,  about  an  inch  thick,  or  of  white  pulverulent 
marl.  We  find  several  hills  in  the  neighborhood  of  Aurillac  composed  of 
such  materials,  for  the  height  of  more  than  200  feet  from  their  base,  the 
whole  sometimes  covered  by  I'ocky  currents  of  trachytic  or  basaltic  lava  * 
Thus  wonderfidly  minute  are  the  separate  parts  of  which  some  of  the 
most  massive  geological  monuments  are  made  up  I  When  we  desire  to 
classify,  it  is  necessary  to  cont«mplate  entire  groups  of  strata  in  the 
aggregate ;  but  if  we  wish  to  imderetand  the  mode  of  their  formation, 
and  to  explain  their  origin,  we  must  think  only  of  the  minute  sub- 
divisions of  whidi  each  mass  is  composed.  We  must  bear  in  mind 
how  many  thin  led'-Iike  seams  of  matter,  each  containing  the  remains  of 
myi'iads  of  testacea  and  plants,  frequently  enter  into  the  composition  of 
a  single  stratum,  and  how  vast  a  succession  of  these  strata  unite  to  form 
a  single  gi'oup!  We  must  remember,  also,  that  piles  of  volcanic 
mattei',  like  the  Plomb  du  Cantal,  whidi  rises  in  the  immediate  neigh- 
borhood of  Aurillac,  are  themselves  equally  the  result  of  successive 
accumulation,  consisting  of  reiterated  sheets  of  lava,  showers  of  scoriss, 
and  ejected  fragments  of  roclt. — Lastly,  we  must  not  forget  (hat  con- 
tinents and  mountain-chains,  colossal  as  are  their  dimensions,  are  nothing 
more  than  an  assemblage  of  many  such  igneous  and  aqueous  groups, 
formed  in  succession  duiing  an  indefinite  lapse  of  ages,  and  superimposed 
upon  each  other. 
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From  what  was  said  in  the  two  preceding  chapter,  it  has  already 
appeared  that  we  have  in  England  no  true  chronological  representative 
of  the  Miocene  faluns  of  the  Loire,  and  none  of  the  Upper  Eocene  group 
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described  in  the  last  chapter.  But,  when  we  descend  to  the  middle  and 
inferior  divisions  of  the  Eocene  system  of  France,  wo  find  that  they  have 
their  equivalents  in  Great  Britain. 


Gypseous  series  (2,  a,  Table,  p.  175).— Next  hclow  the  upper  marine 
sands  of  the  neighborhood  of  Paris,  we  find  a  series  of  white  and  gi'een 
marls,  with  subordinate  beds  of  gypsum.  These  are  most  largely  de- 
veloped in  the  central  parts  of  the  Paris  hasin,  and,  among  other  places, 
in  the  hill  of  Montmartre,  where  its  fossils  were  first  studied  by  M.  Cuvier. 
The  gypsum  quarried  there  for  tlie  mamifecture  of  plaster  of  Paris 
OCCUR  as  a  granvdai'  crystalline  rock,  and,  together  with  the  associated 
mai-ls,  contains  land  and  fluviattle  sliells,  together  with  the  bones  and 
skeletons  of  birds  and  quadrupeds.  Several  land  plants  are  also  met 
with,  among  which  are  fine  specimens  of  the  fan-palm  or  palmetto  tribe 
{Miliaria).  The  remains  also  of  freshwater  fish,  and  of  crocodiles 
and  other  reptiles,  occur  in  the  gypsum.  The  skeletons  of  mammalia 
are  usually  isolated,  often  entire,  the  most  delicate  extremities  being 
preserved ;  as  if  the  carcases,  clothed  with  their  flesh  and  skin,  had 
been  floated  down  soon  after  death,  and  while  they  were  still  swoln  by 
the  gases  generated  by  then-  first  decomposition.  The  few  accompany- 
ing shells  are  of  those  light  kinds  whieli  frequently  float  on  the  surfece 
of  rivers,  together  with  wood. 

M,  Prevost  has  therefore  suggested  that  a  river  may  have  swept  away 
the  bodies  of  animals,  and  the  plants  which  lived  on  its  borders,  or  in 
tlie  lakes  which  it  traversed,  and  may  have  carried  them  down  into  the 
centre  of  the  gulf  info  which  flowed  the  waters  impregnated  with  sul- 
phate of  lime.  We  know  that  the  Fiume  Salso  in  Sicily  enters  the  sea 
so  charged  with  various  salte  that  the  thirsty  cattle  refuse  to  drink  of  it. 
A  stream  of  sulphureous  water,  as  white  as  milk,  descends  into  the  sea 
from  the  volcanic  mountmn  of  Idienne  on  tlie  east  of  Java  ;  and  a  great 
body  of  hot  water,  charged  with  sulphuric  acid,  rushed  down  fi'om  the 
same  volcano  on  one  occasion,  and  inundated  a  large  tract  of  country, 
destroying,  by  its  noxious  properties,  all  the  vegetation.*  In  like  man- 
ner the  Pusanibio,  or  "  Vinegar  River,"  of  Colombia,  which  rises  at  the 
foot  of  Puracfi,  an  extinct  volcano,  7500  feet  above  the  level  of  the  sea, 
is  strongly  impregnat«d  with  sulphuric  and  muriatic  adds  and  with  oxide 
of  iron.  We  may  easily  suppose  the  waters  of  such  streams  to  have 
properties  noxious  fo  marine  animals,  and  in  this  manner  the  entire 
absence  of  marine  remains  in  the  ossiferous  gypsum  may  be  explaineil.f 
There  are  no  pebbles  or  coarse  sand  in  the  gypsum ;  a  circumstance 
which  agi-ees  well  with  the  hypothesis  that  these  beds  were  precipitated 
from  water  holding  sulphate  of  lime  in  solution,  and  floating  the  remains 
of  difierent  animals. 

*  leyde  Magaz.  ™or  Wetansdi  Konst  en  Lett,  partie  v.  caliier  L  p.  71.  Cited 
by  Rozet,  Joum.  do  Geologic,  torn,  i.  p.  43. 

+  M.  C.  Prevost,  Submersions  Iterfltivea,  ifec.    Note  2S. 
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In  this  formaldon  the  relics  of  about  My  species  of  quadrupeds,  in- 
cluding the  genera  Fakolherium,  Anoplotkerium,  and  othei'S,  have  been 
found,  all  extinct,  and  nearly  four-fifths  of  them  belonging  tg  a  division  of 
the  order  Pachydermata,  which  ia  now  represented  by  onjj  four  living 
species  ;  namely,  thi'ee  tapirs  and  the  daman  of  the  Cape.  With  them 
a  few  carnivorous  ajiimals  are  associated,  among  which  are  a  species  of 
fox  and  gennet.  Of  the  Bodmtia,  a  dormouse  and  a  squirrel ;  of  the 
InsecUvora,  a  bat ;  and  of  the  Marsupialia  (an  order  now  confined  ta 
America,  Austi'alia,  and  some  contiguous  islands),  an  opossum,  have 
been  discovered. 

Of  birds,  about  ten  species  have  been  ascertained,  the  skeletons  of 
some  of  which  are  entire.  None  of  them  are  referable  to  existing  spe- 
cies.* The  same  remark  applies  to  the  fish,  according  ia  MM.  Ouvier 
and  Agassiz,  as  also  to  the  reptiles.  Among  the  last  are  crocodiles  and 
tortoise  of  the  genera  Erfiys  and  Trionix. 

The  tdbe  of  land  quadrupeds  most  abundant  in  tliis  formation  is  such 
as  now  inhabits  alluvial  plains  and  marshes,  and  the  bants  of  rivers  and 
lakes,  a  class  most  exposed  to  suffer  by  river  inundations.  Whether  fiie 
disproportion  of  carnivorous  animals  can  be  ascribed  to  this  cause,  or 
whether  they  were  comparatively  small  in  number  and  dimensions,  as  in 
the  indigenous  fauna  of  Austi'alia,  whea  firet  known  to  Europeans,  is  a 
point  on  which  it  would  be  rash,  perhaps,  to  offer  an  opinion  in  the 
present  state  of  our  knowledge. 

The  Paleothere,  above  alluded  to,  resembled  the  living  tapir  in  the 
form  of  the  head,  and  in  having  a  short  proboscis,  but  its  molar  teeth 
were  more  like  those  of  fie  rhinoceros  (see  fig.  163).  Paleotherium 
mafftium  was  of  the  size  of  a  horse,  3  or  4  feet  high.  The  annexed  wood- 
cut, fig.  162,  is  one  of  tlie  restorations  which  Ouvier  attempted  of  the 


outiine  of  the  living  animal,  derived  from  the  study  of  the  entire  si 
ton.     When  the  French  osteologist  declared  in  the  early  part  of  the 
present  century,  that  all  the  fossil  quadrupeds  of  tbe  gypsum  of  Paris 
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were  extinct,  the  announcement  of  so  startling  a 
fact,  on  such  high  authority,  created  a  powerful 
sensation,  and  from  that  time  a  new  impulse 
was  given  throughout  Europe  to  the  progress  of 
geological  investigation.  Eminent  naturaJisfs, 
it  is  true,  had  long  before  maintained  that  &e 
^  ^^^  shells  and  zoophytes,  met  with  in  many  andent 

nnM7inoi«"tarth  otpaieo-  European  rocks,  had  ceased  to  be  inhabitants  of 
i&iX:tpZ>fc"  *>^«  ^'*^'  ^"^  *s  '"^J^^ty  even  of  the  educated 
Foes.  p.  m.)  classes  continued  to  believe  that  the  species  of 

Kidnoaa  one-third.  animaJs  and  plants  now  contemporary  with  man, 

wei'e  the  same  as  those  which  had  been  called  into  being  when  the 
planet  itself  was  created.  It  was  easy  to  throw  discredit  upon  the  new 
doctrine  by  asking  whether  corals,  shells,  and  other  creatures  previously 
unknown,  were  not  annnally  discovered  ?  and  whether  living  forms  cor- 
responding with  the  fossils  might  not  yet  be  dredged  up  from  seas 
hitheito  unexamined  ?  But  fi^^m  the  era  of  the  publication  of  Cuvier's 
Ossemenfs  Fossilts,  and  still  more  his  popular  Treatise  called  "  A  Theory 
of  the  EaHh,"  sounder  views  began  to  prevail.  It  was  dearly  demon- 
strafed  that  most  of  the  mammalia  found  in  the  gypsum  of  Montraartre 
differed  even  geuerically  itom  any  now  existing,  and  the  extreme  im- 
probability that  any  of  them,  especially  the  larger  ones,  would  ever  be 
found  surviving  in  continents  yet  unexplored,  was  made  manifest.  More- 
over, the  non-admixture  of  a  single  living  species  in  the  midst  of  so  rich 
a  fossil  fenna  was  a  striking  poof  that  there  had  existed  a  state  of  the 
earth's  surface  zoologically  unconnected  with  the  present  order  of  things. 
Grk  de  Beauehamp  (2,  6,  Table,  p.  HS).— In  some  parts  of  the  Paris 
basin,  sands  and  marls,  called  the  Gres  de  Beauchamp,  or  Sables  Moyens, 
di-vide  the  gypseous  beds  from  the  imderlying  Calcaire  grossier.  These 
sands  contain  more  than  300  species  of  marine  shells,  many  of  them 
peculiar,  but  others  common  to  the  underlying  marine  deposit  (No. 

Calccdre  grossier  (2,  c,  Table,  p.  1V5).— The  formation  called  CaloMre 
grossier  consists  of  a  coarse  hiiestone,  often  passing  into  sand.  It  con- 
tains the  greater  number  of  the  fossil  shells  which  charaeterize  the  Paris 
basin.  No  less  than  400  distinct  species  have  been  procured  frvsm  a 
single  spot  near  Gjignon,  where  tiiey  are  imbedded  in  a  calcareous  sand, 
chiefly  formed  of  comminuted  shells,  in  which,  nevertheless,  individuals 
in  a  perfect  state  of  preservation,  botli  of  marine,  terrestrial,  and  fresh- 
water species,  are  mingled  together.  Some  of  the  marine  shells  may 
have  lived  on  the  spot ;  but  the  Cydostmia  and  Umnea  must  have  been 
brought  tiiither  by  rivers  and  currents,  and  the  quantity  of  triturated 
shells  implies  considerable  movement  in  the  wateis. 

Notiiing  is  more  striking  in  tiiis  assemblage  of  fossil  testacea  than  the 
great  proportion  of  species  referable  to  the  genus  Cmtkium  (see  fig.  164). 
There  occur  no  less  than  137  species  of  this  genus  in  the  Paris  basin, 
and  almost  all  of  them  in  the  calcau'e  gi-ossier.    Now  the  living  Ceritkia 
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inhabit  the  sea  near  the  mouths  of  rivers,  where  the  waters 
ave  briickish  ;  so  that  tlieir  abundance  in  the  marine  strata 
now  under  consideration  is  in  harmony  with  the  hypothesis, 
that  the  Paris  basin  formed  a  gulf  into  which  several  rivers 
flowed,  the  sediment  of  some  of  which  gave  rise  to  the  beds 
of  clay  and  lignite  before  mentioned ;  while  a  distinct  ii'esh- 
wafer  limestone,  called  calcaire  silicenx,  which  will  presently 
he  described,  was  precipitated  from  the  wafers  of  others  sil^ 
uated  iarther  to  the  south. 

la  some  parts  of  the  calcaire  grossier  round  Paris,  certain 
beds  occur  of  a  stone  used  in  huilding^  and  called  by  thp 
French  geologists  "  Miliolite  limestone,"  It  is  almost  entirely 
made  up  of  millions  of  miciwcopic  shells,  of  the  size  of  mi- 
nute grains  of  sand,  which  all  belong  to  the  class  Foraminife-  <^'^t"«'-* 
ra.  Figures  of  some  of  these  are  ^ven  in  the  amiexed  woodcut.  As 
this  railiolitic  stone  never  occurs  in  the  Faluns,  or  Miocene  strata  of 

EOCENE    POKjVMltriPEHA, 


"■  This  species  h  founil  in  tite  Paria  and  London  basins. 
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Brittany  and  Tour^ine,  it  often  fiimiahea  the  geologist  with  a  useful  cri- 
terion for  distinguishing  the  detached  Eocene  and  Miocene  formations, 
scattered  over  those  and  other  adjoining  provinces.  The  discovery  of 
the  remains  of  Paleotheriura  and  other  mammaliain  some  of  the  upper 
heds  of  the  ealcaire  groasier  shows  that  these  land  animals  began  to 
exist  before  the  deposition  of  the  overlying  gypseous  series  had  com- 
menced. 

Calcaire  sUiceux. — This  compact  siliceous  limestone  extends  over  a 
wide  area.  It  resembles  a  precipitate  from  the  waters  of  mineral  springs, 
and  is  often  traversed  by  small  empty  sinuous  cavities.  It  is,  for  the 
most  part,  devoid  of  organic  remains,  but  in  some  places  contains  fresh- 
water and  land  species,  and  never  any  marine  fossils.  The  sihceous 
limestone  and  the  ealcaire  grossier  occupy  distinct  parts  of  the  Paris 
basin,  the  one  attaining  its  fullest  development  in  Ihose  places  where  the 
other  is  of  slight  thickness.  They  also  alternate  with  each  other  towards 
the  centre  of  the  basin,  as  at  Sergy  and  Osny ;  and  there  are  even  points 
where  the  two  roois  are  so  blended  together  that  portions  of  each  may  be 
.  seen  in  hand  specimens.  Thus,  in  the  same  bed,  at  Triel,  we  have  the 
compact  freshwater  limestone,  characterized  by  its  Limnew,  mingled  with 
the  coarse  marine  limestone,  with  its  small  multilocular  shells,  or  "  mili- 
olites,"  dispersed  through  it  in  countless  numbeis.  These  microscopic 
testacea  are  also  accompanied  by  Gerilhia  and  other  shells  of  the  ealcaire 
grossier.  It  is  very  extraordinary  that  in  this  instance  both  kinds  of 
sediment  must  have  been  thrown  down  together  on  the  same  spot,  yet 
each  i-etains  its  own  peculiar  organic  remains. 

From  these  facts  we  may  conclude,  that  while  to  the  north,  where  the 
bay  was  probably  open  to  the  sea,  a  marine  limestone  was  formed,  anotlier 
deposit  of  freshwater  origin  was  introduced  to  the  southward,  or  at  the 
head  of  the  bay  ;  for  it  appears  that  during  the  Eocene  period,  as  now, 
the  ocean  was  to  the  north,  and  the  continent,  where  the  great  lakes  ex- 
isted, to  the  south.  From  that  southern  region  we  may  suppose  a  body 
of  fresh  water  to  have  descended,  charged  with  carbonate  of  lime  and 
silica,  the  water  being  perhaps  in  sufficient  volumo  to  freshen  the  upper 
end  of  the  bay.  The  gypseous  series  (2,  a,  Table,  p.  I75),  before  described, 
was  once  supposed  to  be  entirely  subsequent  in  origin  to  the  two  groups, 
called  ealcaire  grossier  and  ealcaire  silieenx,  ButM.  Prevost  has  pointed 
out  that  in  some  localities  they  alternate  repeatedly  with  both. 

The  gypsum,  with  ils  associated  marl  and  limestone,  is  in  greatest 
force  towards  the  centreof  the  basin,  where  the  ealcaire  grossier  and 
ealcaire  siliceux  are  less  fully  developed.  Hence  M.  Prevost  infers,  that 
while  those  two  principal  deposits  were  gradually  in  progress,  the  one 
towards  thp  north,  and  the  other  towards  the  south,  a  river  descending 
from  the  eiflt  may  have  brrught  down  the  gypseous  and  marly  sedi- 

It  must  be  admitted,  as  highly  probable,  that  a  bay  or  narrow  sea, 
180  miles  m  length,  would  receive,  it  more  points  than  one,  the  waters 
of  the  adjoimng  continent     At  the  same  time,  we  must  be  p 
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find  that  the  simultaneous  deposition  of  two  or  more  seta  of  strata  in 
one  basin,  some  freshwater  and  others  mariae,  must  have  produced  very 
oomp)ex  results.  But,  in  proportion  as  it  is  more  difficult  in  these  eases 
to  discover  any  fixed  order  of  superposition,  in  the  associated  mineral 
massea,  so  also  is  it  more  ettsy  to  explain  the  manner  of  their  origin,  and 
to  reconcile  their  relations  to  the  agency  of  tnown  causes.  Instead  of 
the  successive  irruptions  and  retreats  of  the  sea,  and  changes  in  the 
chemical  nature  of  the  fluid,  and  other  speculations  of  the  earlier  geolo- 
gists, we  are  now  simply  called  upon  to  imagine  a  gulf  into  one  esti'cm- 
ity  of  which  the  sea  entered,  and  at  the  other  a  large  river,  whilo  other 
streams  may  have  flowed  in  at  different  points,  whereby  a 
number  of  alternations  of  marine  and  freshwater  beds  would  be  c 
sioned. 


lAts  coquilliers  (3,  a,  Table,  p.  175). — Below  the  ca]caire  gi'ossier 
are  extensive  deposits  of  sand,  in  the  upper  parts  of  which  some  marine 
beds,  called  "lits  coquiUiers,"  occur,  in  which  M.  d'Archiao  has  dis- 
covered 200  species  of  shells.  Many  of  these  are  peculiar,  but  the 
laager  portion  appear  to  agree  with  species  of  the  caleaire  grossier,  so 
that  the  line  of  demarcation  usually  adopted  between  the  French  Lower 
and  Middle  Eocene  formations,  seems  not  to  be  very  strongly  drawn. 

Sands  and  plastic  clay  (3,  6,  Table,  p.  176), — At  the  base  of  the  ter- 
tiary system  in  France  are  extensive  deposits  of  sands,  with  occasional 
beds  of  day  used  for  pottery,  and  called  "  argile  plastique."  Fossil  oys- 
ters i^Ostrea  beUovacina)  abound  in  some  places,  and  in  others  tiiere  is  a 
mixture  of  fluviatile  shells,  such  as  Oyrena  cundformu  (fig.  187,  p.  204), 
Melartia  inguiiutta  (flg.  188),  and  others,  frequently  met  with  in  beds 
occupying  the  same  position  in  the  vaUey  of  the  Thames.  Layers  of 
hgnite  also  accompany  the  inferior  clays  and  sands. 

Immediately  upon  the  chalk  at  the  bottom  of  all  die  tertiary  strata 
there  is  often  a  conglomerate  or  breccia  of  rolled  and  angular  chalt  flints, 
cemented  by  siliceous  sand.  These  beds  appear  to  be  of  littoral  origin, 
and  imply  the  previoiis  enjeigence  of  some  portions  of  the  chalh,  and 
its  waste  by  denudation. 

The  lower  sandy  beds  of  the  Paris  basin  are  often  called  the  sands  of 
the  Soissonais,  irom  a  district  so  named  50  mDea  N.  E.  of  Paris.  One 
of  the  shells  of  tlie  formation  is  adduced  by  M.  Desliayes  as  an  example 
of  the  changes  which  certain  spi>eips  underwent  in  the  successive  stages 
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of  their  existence.  It  seems  that  different  varieties  of  the  Cardium 
porulosum  aie  characteristic  of  different  formations.  In  the  Lower 
Eocene  of  the  Soiasonais  this  shell  acquires  but  a  small  volume,  and  has 
many  peculiarities,  which  disappear  in  the  lowest  beds  of  the  calcaire 
grossier.  In  these  the  shell  attains  its  full  size,  and  many  distinctive 
chai'acters,  which  are  again  modified  in  the  uppermost  beds  of  the  cal- 
cmre  grossier ;  and  these  last  niodificaldons  of  form  are  preserved  through- 
out the  whole  of  the  "  upper  marine"  (or  Upper  E 


ENGLISH    EOCENE    FORMAIIOKS. 

The  Eocene  areas  of  Hampshire  and  London  are  delineated  in  tlie 
map  (fig.  163,  p.  174). 

The  following  table  will  show  the  succession  of  the  principal  deposits 
found  in  our  island.  The  true  place  of  the  Bagshot  sands,  in  this  series, 
was  never  accurately  ascertained  till  Mr.  Prestwich  published,  in  1847, 
his  classification  of  the  English  Eocene  strata,  dividing  them  into  three 
prisdpal  formations,  in  whicli  the  Bagshot  sands  occupied  tlie  central 
place.f 


1.  Upper  Eooeiic. 


2.  Middle  Eocene. 


lie  ot  W^ht ;  and 

marine  beds.  Hord well' Cliff,  HanlB. 

S.  BarUin  beds.  Barton  Cliff,  Hants. 

c.  Bagshot  and  Braokle-  Bagshot  Heath,  Surrej  ;  Brack- 
sham  sands  and  days.  lealiam  Bay,  Sussex. 

o.  London  Clay  Proper,  Higligate  Hill,  Middlesex ;  I.  of 

and  Bognor  beds.  Sheppey  ;  Bogoor,  Sussex. 

b.  Mottled    and    Plastic  Newhaven,    Sussex ;    Reading, 

clays  and  sanda.  Berks;  Woolwich,  Kent 

Freshwater,  beds  (2,  a,  Table,  p.  175). — In  the  notthei'n  part  of  the 
Isle  of  Wighti  beds  of  marl,  clay,  and  sand,  and  a  friable  limestone, 
F^,  ITO.  containing  freshwater  shells,  are  seen,  contain- 

ing shells  of  tlie  genera  Li/mnea  (see  fig.  170), 
Plaiwibis,  Melanop'iis,  Cyrena,  &c.,  several  of 
them  of  the  same  species  as  those  occumng 
m  the  Eocene  beds  of  the  Pans  basm.  Gy- 
logonites,  also,  oi  sp<>d  vesseh  ol  Chaia,  ef 
hibiting  ^^  simihr  spenifiu  identity,  ocmr  At 
HeadonHiU,  on  tbe'weatem  yle  of  the  island, 
where  these  beds  are  "een  in  the  wa-olifft, 
s  me  of  the  strata  tontam  a  few  minne 
-md  estuaiy  shells,  auch  as  Cytherma,  Cor 
bala,  &c,  showing  a  tempoiary  oteupation 
lAmiimlongtBeata.  of  tlie   irei  ly  bracki=h  or  sdt  witer,  after 

^"IToi^^h"™"^        "liich  the  nvei  or  a  hke  seems  ig^n  to  have 

»  CoquiUes  caractlrist.  des  Ten-ains,  1831. 
f  Quarterly  GeoL  Journal,  vol.  iii,  p.  353. 
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prevailed.  A  species  of  fan-palm,  Flahellaria  Lantanonis,  Broiig.,  like 
one  which  charactei'izes  the  Paiisiaii  Eocene  beds,  has  been  recently 
defected  by  Dr.  Manfell  in  this  formation,  in  "Whitecliff  Bay,  at  the 
eastern  end  of  the  island. 

Several  of  the  species  of  extinct  quadrupeds  already  alluded  to  as 
characterizing  the  gypsum  of  Montmartre  have  been  diacovei'ed  by  Messrs. 
Pratt  and  Fox,  in  the  Isle  of  Wight,  chiefly  at  Binstead,  near  Ryde,  as 
I'alcEotherium  moffnum,  P.  medium,  P.  minm,  P.  minimum,  P.  curium, 
P.  erassum,  also  Anoplotherium  commune,  A.  secundanum,  Hichobune 
e^ndnum,  and  Chwropotamua  Cuvieri.  In  Hordwell  olifij  also  on  the 
Hampshire  coast,  several  of  these  species,  with  other  quadrupeds  of  new 
genera,  such  as  Paloplotherium,  Owen,  have  been  met  witJi ;  and  re- 
mains of  a  remarkable  cai'nivorous  genus,  Hy<enodor),.  These  fossils  are 
accompanied  by  the  bones  of  Trionyx,  and  other  tortoises,  and  by  two 
land  snakes  of  the  genus  Paloryx,  Owen,  from  3  to  4  feet  long,  also  a 
spedes  of  crocodile,  and  an  alligatoi'.  Among  other  fossils  collected  by 
Lady  Hastings,  Sir  Philip  Egerton  has  recognized  the  well-known  gar 
or  bony  pike  of  the  American  rivers,  a  ganoid  fish  of  tlie  genus  L(7pi- 
dotus,  with  its  hard  shining  scales.  The  shells  of  Hordwell  are  similar 
to  those  of  the  ii'eshwater  beds  of  the  Isle  of  Wight,  and  among  them 
are  a  few  specifically  undistinguishahle  from  recent  testacea,  as  Paludina 
Imta  and  Helix  l<AyTinthica,  the  latter  discovered  by  Mr.  S.  Wood,  and 
identified  with  an  existing  N.  American  helix. 

The  white  and  gi'een  marls  of  this  freshwater  series  in  Hampshire,  and 
some  of  the  accompanying  limestones,  often  resemble  those  of  France  in 
mineral  character  and  color  in  so  striking  a  mannei',  as  to  suggest  the 
idea  that  the  sediment  was  derived  from  the  same  region,  or  produced 
contemporaneously  under  very  similar  geographical  circumstances. 

Barton  beds. — Both  in  the  cliffi  of  Headon  Hill  and  Hordwell,  ali'eady 
mentioned,  the  fi'eshwater  series  rests  on  a  mass  of  pure  white  sand  with- 
out fossils,  and  this  is  seen  in  Barton  ClitF  to  overlie  a  marine  depomt, 
Ji  which  209  species  of  testacea  have  been  found.  More  than  half  of 
these  are  peculiar ;  and,  according  to  Mr.  Prestwich,  only  11  of  them 
common  to  the  London  Clay  proper,  being  in  the  proportion  of  only  5 
per  cent.  On  the  other  hand,  70  of  them  agree  with  the  ealcaire  gras- 
sier sh'ells.  As  this  is  the  newest  purely  marine  bed  of  the  Bkicene  seiies 
tnown  in  England,  we  might  have  expected  that  some  of  its  peculiar 
fossils  would  be  found  to  agree  with  the  upper  Eiscene  strata  described 
in  the  last  chapter,  and  accordingly  some  identifications  have  been  cited 
with  testacea,  both  of  the  Berhn  and  Belgian  sti'ata.  It  is  nearly  a  cen- 
tury since  Brandei-piiblished,  inlTes,  an  account  of  the  organic  remains 
collected  fi'om  these  cliffo,  and  his  excellent  figures  of  the  shells  then 
deposited  in  the  British  Museum  are  justly  admired  by  conchologista  for 
their  accuracy. 

Bagskot  sands  (2,  c,  Table,  p.  197). — These  beds,  consisting  chiefly 
of  siheeous  sand,  occupy  extensive  tracts  round  Bagshof,  in  Surrey,  and 
in  the  New  Forest,  Hampsliii'e.     They  succeed  next  in  chronolo^ca! 
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order,  and  may  be  separated  into  three  divisiona,  the  upper  and 
lower  coDBisttug  of  light  yellow  sands,  and  tie  central  of  dark  green 
sands  and  brown  days,  the  whole  rep6sing  on  the  London  day  proper.* 
Although  the  Bagshot  beds  are  usually  devoid  of  fossils,  they  contain 
marine  shells  in   some  places,  among  which    Venericardia 


Cairdita  plimicosUi,  Dealiayes. 


(see  fig.  171)  is  abundant,  with  TurriUlU  mldfera  and  Nummuli- 
tes  Imvigatus.     (See  fig.  1T4,  p.  200.) 

At  Braddesham  Bay,  near  Chichester,  in  Sussex,  the  charadsristic 
shells  of  this  member  of  the  Eocene  series  are  best  seea ;  among  others, 
the  huge  Cerithium  gk/anteum,  so  conspicuous  in  the  calcaire  grossier  of 
Paris,  where  it  ia  sometimes  3  feet  in  length.  The  volutes  and  cowries 
of  this  formation,  as  wdl  as  the  lunuhtes  and  other  corals,  seem  to  favor 
the  idea  of  a  warm  climate  having  prevailed,  which  is  borne  out  by  the 
discovery  of  a  serpent  Pcdmophis  typhous,  exceeding,  according  to  Mr. 
Owen,  20  feet  in  lengtli,  and  allied  to  the  Boa,  Python,  Coluber,  and 
Hydrus.  The  compressed  form  and  diminutive  size  of  certain  caudal 
vertebne  indicate  so  much  analogy  with  Hydrus  as  to  induce  the 
Hunterian  professor  to  pronounce  the  extinct  ophidian  to  have  been 
macjncf  He  had  previously  combated  with  so  much  success  the  evi- 
dence advanced,  to  prove  the  existence  in  the  Northern  Ocean  of  sea^ 
serpents  in  our  own  times,  that  he  will  not  be  suspected  of  any  undue 
bias  in  contending  for  their  former  existence  in  the  British  Eocene  seas. 
ITie  dimate,  however,  of  the  Middle  Eocene  period  was  evidently  iar 
more  genial ;  and  amongst  tie  companions  of  the  searserpent  of 
Braddesham  was  an  extinct  GaviaJ  (Gavialis  Dixoni,  Owen),  and  nu- 
merous fish,  such  as  now  frequent  the  seas  of  warm  latitudes,  m  the 
aword-fish  (see  fig.  \12,  p.  200)  and  gigantic  rays  of  the  genus  Milio- 
bates.     (See  fig.  1T3.) 

Out  of  193  species  of  testacea  procured  fi'om  the  Bagshot  and  Brackle- 

*  Pcertwicti,  Quart.  Geol.  Joum.  vol.  iii.  p.  888, 
\  Palieont  Soo.  Monograph.  Kept  pt.  ii.  p.  61. 
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sham  beds  in  England,  126  oecui'  in  the  French  calcaire  grassiei',  It 
wsw  eleai-ly,  therefore,  coeval  with  that  part  of  tlie  Parisian  seri<^  more 
nearly  than  with  any  other.  T!ie  Nwrnmulites  Icevigatua  (see  fig,  1^4), 
a  fossil  characteiistic  of  the  lower  beds  of  the  caleaire  grossier,  is  abun- 
dant at  Brackleshani. 


l^ 


"'^J 


London  clay  jn-oper  (3,  a,  Table,  p.  197) — ^Th:s  tormiton  nnderl  es 
the  preceding,  and  consists  of  tenacious  brown  ind  blmsh  graj  clay 
witb  layers  of  concretions  called  septar  a  wl  h  ibound  ch  efly  n  ti  e 
brown  clay,  and  are  obtained  in  snffic  ent  n  be  a  trom  tl  e  chfl  ear 
Harwich,  and  from  shoals  of  the  Eissex  coast,  t  be  used  for  making 
Roman  cement  The  principal  localit  es  of  foss  1  m  tl  e  London  cl  j 
are  Highgate  Hill,  near  London,  the  islind  f  ^1  ej  pej  and  Eognor  n 
Hamphire.  Out  of  133  fossil  shells,  Mr  Preatwi  h  found  only  "0  to 
be  eommon  to  the  caleaire  grossier  (fiom  wl  1  600  pec  es  hiive  been 
obtained),  while  33  are  common  to  the  hts  coqmlhers  (p.  19f>),  m 
which  only  200  species  are  tnown  in  France.  We  may  presume,  there- 
fore,, that  the  London  clay  proper  is  oldei'  than  the  caleaire  grossier. 
This  may  perhaps  remove  a  difficulty  which  M.  Adolphe  Brongniart  has 
experienced  when  comparing  the  Eocene  Flora  of  the  neighborhoods  of 
London  and  Paris.  The  fossil  species  of  the  island  of  Sheppey,  he  ob- 
serves, indicate  a  much  more  tropical  climate  than  the  Eocene  Flora 
of  France,  which  has  been  derived  principally  from  the  "  gypseous 
series."  The  latter  resembles  the  vegetation  of  the  borders  of  the  Medi- 
terranean rather  than  tliat  of  an  ec[uatorial  region. 

Mr.  Bowerbank,  in  a  valuable  publication  on  the  fossil  fruits  and 
seeds  of  the  island  of  Sheppey,  near  London,  has  described  no  less 
than  thirteen  fruits  of  palms  of  the  recent  type  Nipa,  now  only  found  in 
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111  tho  Molucca  and  Pliilippine  ialanda.  (Sco 
fig,  175.)  These  plants  are  allied  to  tlie  cocoa- 
nut  tribe  on  the  one  side,  and  on  tlie  other  to 
tlie  Pandanus,  or  sci'ew-piiie.  Species  of  cocoa- 
nuts  are  also  met  with,  and  other  kinds  of  palms; 
also  three  species  of  Anona,  or  custard-apple ; 
i-ucurbitaeeous  fruits,  also  (the  gourd  and  melon 
family),  are  in  considerable  abundance.  Fruits 
of  various  species  of  Acacia  are  in  profusion,  and, 
although  less  deddedly  tropical,  imply  a  warm 
climate.  The  contiguity  of  land  may  be  inferred 
not  only  from  these  vegetable  productions,  but 
also  from  the  teeth  and  bones  of  ci'ocodiles  and 
itures,  as  Mr.  Conybeare  his  remarked,  must  have 
resorted  to  some  shore  to  lay  tJieir  eggs.  Of  turtles  thei'e  were  numerous 
species  referred  to  extinct  genera,  and,  for  the  most  part,  not  equal  in  size 
to  the  largest  hving  tropical  turtles,  A  snake,  which  must  have  been 
13  feet  long,  of  the  genus  Palceopkis  before  mentioned,  has  also  been  de- 
scribed by  Mr.  Owen  from  Sheppey,  of  a  different  spedes  from  that  of 
Bracklesham.  A  true  crocodile,  also,  Crocodiltis  toliajncus,  and  another 
Saurian  more  nearly  allied  to  the  gravia],  accompany  tlie  above  fossils. 
A  bii'd  allied  to  the  vultures,  and  a  quadruped  of  the  new  genus  ffyraco- 
iheniim,  allied  to  the  Hyrax,  Hog,  and  Cktero^wtamus,  ai*  also  among 
the  additions  made  of  late  years  to  the  palfeontology  of  this  division. 

The  marine  shells  of  the  London  clay  confirm  the  inference  derivable 
from  the  plants  and  i-eptiles  of  a  high  temperature.     Tlius,  many  species 
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of  Cmim,  Mitra,  and  Valuta  occur,  a  large  Oyprma,  a  veiy  large 
Rostellaria,  and  sheila  of  tie  genera  Terebellum,  Camellaria,  Crassa- 
tella,  and  others,  with  four  or  more  spedea  of  Nautilus  (see  fig.  182) 
and  other  cephalopoda  of  extinct  genera,  one  of  the  most  remarkable  of 
which  is  the  Ilelosepm.*     (See  fig.  183.) 

The  above  sliells  are  accompanied  by  a  sword-fish  (Tetrapterus priscits, 
AgassJz),  about  8  feet  long,  and  a  saw-fish  {Pristis  bisulcatus,  Ag.), 
about  10  feet  in  length ;  genera  now  foreign  fo  the  British  seas.  On 
the  whole,  no  less  than  50  species  of  fish  have  been  described  by  M, 
Agassiz  fi-om  these  beds  in  Sheppey,  and  they  indicate,  in  his  opinion,  a 
wM'm  climate. 

Strata  of  Kyiim,  in  Suffolk. — At  Kyson,  a  few  miles  east  of  Wood- 
bridge,  a  bed  of  Eocene  day,  12  feet  thick,  underlies  the  red  crag.  Be- 
neath it  is  a  deposit  of  yellow  and  white  sand,  of  considerable  interest, 
in  conseijuence  of  many  peculiar  fossils  contained  in  it.  Its  geological 
position  is  prabably  the  lowest  part  of  the  London  day  proper.  In  this 
sand  has  been  found  the  first  example  of  a  fossil  quadrumanous  animal 
discovered  in  Great  Britain,  namely  the  teeth 
^rj.  ji«a     ^^^  P^^  '^^  ^  J*"'  shown  by  Mr.  Owen  to  belong 

^j^  ^^S     to  a  monltey  of  the  genus  ifacaczts  (see  fig.  184). 

The  mammiferous  fossils,  first  met  with  in  the 
same  bed,  were  those  of  an  opossum  (Didelphys) 
(see  fig.  185),  and  an  insectivorous  bat  (fig.  166),  together  with  many 
teeth  of  fishes  of  the  shark  famiiy.     Mr.  Colchester  in  1840  obtained 
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other  maDinialiaii  relics  from  Kjsob,  among 
which  Mr.  Owen  has  recognized  several  teeth 
of  the  genus  ffyracotkermm,  and  the  vertebrEe 
of  a  large  sei'pent,  probably  a  PalmopMs,  As 
the  remaina  both  of  the  Hyraeotkerium  and 
^o^^ml^nwiiyson*"^  ^'^^'^opkis  were  aftenvai'ds  met  with  in  flie 
„.    .,.  London  clay,  as  before  remarked,  these  fossiJs 

confirmed  the  opinion  previously  entertained, 
tiiat  the  Kyson  sand  belongs  to  the  Eocene 
period.  The  Mameus,  therefore,  constitutes  the 
first  example  of  any  quadnimanous  animal 
rramir!™^ Suffolk  found  in  strata  as  old  as  the  Eocene,  or  so  iar 

from  the  eijuator  as  lat.  52"^  N,  It  was  not 
until  after  the  year  1836  that  the  existence  of  any  fossil  quadrumana 
was  brought  to  light.  Since  that  peiiod  they  have  been  found  in  JiVance, 
India,  and  Brazil. 

Mottled  or  Plastic  Clays,  dc.  (3,  b,  Table,  p.  197). — No  formations 
can  be  more  dissimilar  on  the  whole  in  minei'al  character  than  the  Eocene 
deposits  of  England  and  Paris  ;  those  of  our  own  island  being  almost 
exclusively  of  mechanical  origin,— accumulations  of  mud,  sand,  and 
pebbles ;  while  in  the  neighborhood  of  Paris  we  find  a  great  succession 
of  strata  composed  of  a  coarse  white  limestone,  and  compact  siliceous 
limestone  with  beds  of  crystalline  gypsum  and  siliceons  sandstone,  and 
sometimes  pure  flint  used  for  millstones.  Hence  it  is  by  no  means  an 
easy  task  to  institute  an  exact  comparison  between  the  various  members 
of  the  Enghsh  and  French  series,  and  to  settle  their  respective  ages.  It 
is  dear  that  a  continual  change  was  going  on  in  the  fauna  and  flora  by 
the  coming  in  of  new  species  and  the  dying  out  of  others  ;  and  contem- 
poraneous changes  of  geographical  conditions  were  also  in  progress  in 
consequence  of  the  rising  and  sinking  of  the  land  and  bottom  of  the 
sea.  A  particular  subdivision,  therefore,  of  time  was  occasionally  rep- 
resented in  one  area  by  land,  in  another  by  an  estuary,  in  a  third  by  the 
sea,  and  even  where  the  conditions  were  in  both  areas  of  a  marine  char- 
acter, there  was  ofl^n  shallow  water  in  one,  and  deep  sea  in  another, 
producing  a  want  of  agreement  in  the  state  of  animal  life. 

At  the  commencement,  however,  of  the  Eocene  formations  in  Prance 
and  England,  we  find  an  exception  to  this  rule,  for  a  marked  similarity 
of  mineral  character  reigns  in  the  lowest  division,  whether  in  the  basins  of 
Paris,  Hampshire,  or  London.  This  uniformity  of  aspect  must  be  seen 
in  Older  to  be  fully  appredated,  since  the  beds  consist  simply  of  sand, 
mottled  clays,  and  well-rolled  flint  pebbles,  derived  from  the  chalk,  and 
varying  in  size  from  that  of  a  pea  to  an  e^.  These  strata  may  be  seen 
at  Reading,  at  Blactheath,  near  London,  and  at  Woolwich.  In  some 
of  the  lowest  of  them,  banks  of  oysters  are  observed,  consisting  of  Ostrea 
bellovicina,  no  common  in  France  in  the  same  relative  position,  and  Os- 
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trea  edulina  scarcely  distingiiisliable  ffom  tlie  living  eatable  species.  In 
tiiis  formation  at  Bromley,  Dr.  Buekland  found  one  largo  pebble  to 
wMch  five  full-grown  oysters  were  affixed,  in  such  a  manner  as  to  show 
that  they  had  commenced  their  first  growth  upon  it,  and  remained 
attached  to  it  through  ]ife. 

In  several  places,  as  at  Woolwich  on  the  Tham^  at  Newhaven  in 
Sussex,  and  elsewhere,  a  mixture  of  marine  and  freshwater  testacea 
distjnguishea  this  member  of  the  series.  Among  the  latter,  Mefania 
inquinata  (see  fig,  188)  and  Cjn-eme  cuneiformU  are  very  common,  They 
probably  indicate  points  where  rivers  entered  the  Eocene  sea. 


With  us,  as  in  France,  clay  of  this  formation  is  used  in  some  places, 
as  near  Poole  in  Dorsetshire,  for  pottery  ;  and  hence  the  name  of  plastic 
clay  was  adopted  for  the  group  by  Mr.  T.  Webster,  Lignite  also  is  as- 
sociated with  it  in  some  spots,  as  in  the  Paris  basini 

Before  the  minds  of  geologists  had  become  familiar  with  the  theory 
of  the  gradual  sinking  of  the  land,  and  its  conversion  Into  sea  at  differ- 
ent periods,  and  the  consequent  change  from  shallow  to  deep  water,  the 
freshwater  and  littoral  character  of  this  inferior  group  appeared  sti'ange 
and  anomalous. ,  After  passing  through  many  hundred  feet  of  London 
clay,  proved  by  its  fossils  to  have  been  deposited  in  salt  water  of  con- 
siderable depth,  we  arrive  at  beds  of  fluviatile  origin.  Thick  masses, 
also,  of  shingle  indicate  the  proximity  of  land,  where  theffintsof  thechalt 
were  rolled  into  sand  and  pebbles,  and  spread  continuously  over  wide 
spaces,  as  in  the  Isle  of  Wight,  in  the  south  of  Hampshire,  and  near 
London,  always  appearing  at  the  bottom  of  the  Eocene  aeries.  It  may 
be  asked  why  they  did  not  constitute  simply  a  nanow  littoral  zone,  such 
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as  we  miglit  look  for  in  strata  formed  at  a  moderate  distance  from  the 
shore.  In  answer  to  this  inquiry,  tlie  student  must  he  reminded,  that 
wherever  a  gently-sloping  land  is  gradually  sinking  and  becoming  suh- 
merged,  shingle  may  be  heaped  up  successively  over  a  wide  area,  although 
njarine  currents  have  no  power  of  dispersing  it  simultaneously  over  a 
large  space.  In  such  cases  it  is  not  the  shingle  which  I'ecedes  from  the 
coast,  but  the  coast  which  recedes  irom  the  shingle,  which  is  formed  one 
mass  after  another  as  often  as  successive  portions  of  the  land  are  con- 
verted into  sea  and  othei-s  into  a  sea-beach. 

The  London  area  appears  to  have  been  uprmsed  before  that  of  Hamp- 
shire, so  that  it  never  became  the  receptacle  of  the  Barton  clays,  nor  of 
the  overlying  fluvio-mariae  and  ireshwafer  beds  of  Hordwell  and  the 
north  part  of  the  Isle  of  Wight  On  the  other  hand,  the  Hampshire 
Eocene  area  seems  to  have  emerged  before  that  of  Paiis,  so  that  no 
maiine  beds  of  tKe  Upper  Eocene  era  were  ever  thrown  dowu  in  Hamp- 
shire. 

JV^timmuUlk  formatwii  of  the  Alps  and  Pyrenees. — It  has  long  been 
matter  of  controversy,  whether  the  nummulatac  rocks  of  the  Alps  and 
Pyrenees  should  be  r^rded  as  Eocene  or  Cretaceous;  but  the  number 
of  geologists  of  high  authority  who  regard  this  important  group  aa 
helon^ng  to  the"  lowest  tertiary  system  of  Europe  has  for  many  years 
been  steadily  increasing.  The  late  M.  Ales.  Brongniart  first  declared 
the  specific  identity  of  many  of  the  shells  of  tliis  formation  with  those 
of  the  marine  strata  near  Paris,  although  he  obtained  (hem  from  the 
summit  of  the  Diablerels,  one  of  the  loftiest  of  the  Swiss  Alps,  which 
rises  more  than  10,000  feet  above  the  level  of  the  sea. 

Deposits  of  the  same  age,  found  on  the  flanks  of  the  Pyrenees,  con- 
tain also  a  great  number  of  shells  common  to  the  Paris  and  London 
areas,  and  three  or  four  species  only  which  are  common  to  the  cretace- 
ous formation. 

The  calcareous  division  consists  often  of  a  cotopact  ciystalhne  marble, 
ftill  of  nummulites  (see  fig,  189),  shells  of  the  class  Forarniniferd. 


The  nummtditio  limestone  of  the  Alps  is  otten  of  great  thii,tnoss,  and 
is  immediately  covered  by  another  scries  of  strata  of  dark-colored  slates, 
marls,  and  fucoidal  sandstones,  to  the  whole  of  which  the  provincial 
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name  of  "flysch"  has  been  given  in  parts  of  Switzerland,  Tlie  re- 
searches of  Sir  Roderick  Murcliisoii  in  the  Alps  in  184'i'  enable  us  to 
refer  tbe  whole  of  these  beds  to  the  Eocene  period,  and  it  seems  proba- 
ble that  they  most  nearly  coincide  in  age  with  the  Lower  Eocene.  They 
enter  info  the  disturbed  and  loftiest  portions  of  the  Alpine  chain,  to  the 
elevation  of  which  they  enable  us  therefore  to  assign  a  comparatively 
modern  date. 

The  nummnlitic  formation,  with  its  characteristic  fossils,  plays  a  far 
more  conspicuous  part  than  any  other  tcrdaiy  group  in  the  solid  frame- 
work of  the  earth's  crust,  whether  in  Europe,  Asia,  or  Africa,  It  often 
attains  a  thickness  of  many  thousand  feet,  and  extends  from  the  Alps  to 
the  Apennines.  It  ia  fonnd  in  the  Carpathians,  and  in  full  force  in  the 
north  of  Africa,  as,  for  example,  in  Algeria  and  Morocco.  It  has  also 
been  traced  from  Egypt  into  Asia  Minor,  and  across  Persia  by  Bagdad 
to  the  mouths  of  the  Indus.  It  occurs  not  only  in  Cut«h,  but  in  the 
mountain  ranges  which  separate  Scinde  from  Persia,  and  which  form  the 
passes  leading  to  Caboul ;  and  it  has  been  followed  stiU,  farther  eastward 
into  India. 

Some  members  of  this  lower  tei'tiary  formation  in  the  central  Alps, 
including  even  the  superior  sti'ata  called /yscA,  have  been  converted  into 
crystalline  rocks,  and  changed  info  sacchatoid  marble,  quartz,  rock,  and 
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In  North  America  the  Eocene  foimations  occupy  a  large  area  border- 
ing the  Atlantic,  which  increases  in  breadth  and  impoitance  as  it  is  traced 
southwards  from  Delaware  and  Maryland  to  Georgia  and  Alabama,  They 
also  occur  in  Louisiana  and  other  states  both  east  and  west  of  the  valley 
of  the  Mississippi.  At  Claiboi-ne  in  Alabama  no  less  than  four  hundred 
species  of  marine  shells,  with  many  echinoderma  and  teeth  of  iish, 
cliaracterize  one  member  of  this  system.  Among  the  shells  the  Cardita 
planicosta,  before  mentioned  (fig.  l7l,  p.  199),  is  in  abundance;  and 
flus  fossil,  and  some  other  identical  with  European  species,  or  veiy  neaily 
allied  to  them,  make  it  highly  probable  that  the  Claiborne  beds  agree  in 
age  with  the  central  or  Bracklesham  group  of  England,  and  the  calcaire 
grossiei'  of  Paris.f 

Higher  in  the  series  is  a  remarkable  calcareous  rock,  formerly  called 
"  the  nummulite  limestone,"  from  the  great  number  of  discoid  bodies 
resembling  nummulites  which  it  contains,  fossils  now  referred  by  A. 
d'Orbigny  to  the  genus  OrhiUndes,  which  has  been  demonstrated  by  Di'. 
Carpenter  to  belong  to  the  Foraminifera.J  The  following  section  wiU 
enable  the  reader  fo  undei'Stand  the  position  of  the  three  subdivisions  of 

*  Murcluaon,  Quai-t.  Journ.  of  Geol.  Soc.  to!,  t,  and  Lj-bH,  vol.  vL  1850.  An- 
niversary AddresE. 

\  See  paper  by  the  author,  Quai't,  Journ,  GeoL  Soe.  vol,  iv.  p.  12 ;  and  Second 
Visit  to  tbe  U.  S.  vol.  ii.  p.  59. 

%  Quart  Journ.  Geol.  Soc  voL  vi.  p.  32. 
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the  seiies,  Nos.  1,  2,  and  3,  the  relations  of  which  I 
county,  between  the  rivers  Alabama  and  Tombeckbee. 
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4.  Overlying 


The  lowest  set  of  strata,  No.  1,  having  a  thickness  of  raore  than  100 
feet,  comprise  marly  beds,  in  which  the  Ostrea  sellteformis  occuib,  a  shell 
ranging  from  Alabama  to  Viiginia,  and  being  a  repreaentatJye  form  of 
the  Ostrea  fahellula  of  the  Eocene  group  of  Europe,  In  other  beds  of 
No.  1,  two  European  shells,  Cardita  plankosla,  before  mentioned,  and 
Solarium  canaltculatum  are  found,  with  a  great  many  other  speeies 
peculiar  to  America.  Numerous  corals,  also,  and  the  remains  of  placoid 
fish  and  of  rays  occur,  and  the  "  swords,"  as  they  are  called,  of  sword 
fishes,  all  hearing  a  great  generic  likeness  to  those  of  the  Eocene  strata 
of  England  and  France. 

No.  2  (fig.  190)  is  a  whit«  limestone,  sometimes  soft  and  argillaceous, 
but  in  parts  very  compact  and  calcareous.  It  contains  several  peculiar 
corals,  and  a  large  Nautilus  aUied  to  If.  eiffeag,  also  in  its  upper  bod  a 
gigantic  cetaceon,  called  Zeuglodon  by  Owen,* 


Fig.  191. 


The  colossal  bones  of  this  cetacean  ai'e  so  plentiful  in  the  interior  of 
Clarke  county  as  to  be  characteristic  of  the  formation.  The  vertebral 
column  of  one  skeleton  found  by  Dr.  Buckley  at  a  spot  visited  by  me 
extended  to  the  length  of  nearly  YO  feet,  and  not  far  off  part  of  another 

*  See  Memoir  bj  R.  W.  Oibbes,  Joum.  of  Acad.  Nat.  Sci.  Philad.  vol  L  184T. 


-c  by  Google 


208  EOCENE  STRATA  IN  UNITED  STATES.  [Ch.  XVI. 

baetbone  nearly  50  feet  long  was  dug  up.  I  obtained  evidence,  during 
a  short  excursion,  of  so  many  localities  of  this  fossil  anima!  witliin  a 
diafemce  of  10  miles,  as  to  lead  me  to  conclude  that  they  must  have 
belonged  to  at  least  forty  distinct  individuals. 

Mr.  Owen  first  pointed  out  that  the  huge  animal  was  not  reptilian, 
since  each  tooth  was  furnished  with  double  roofs  (see  fig.  161),  implanted 
in  corresponding  double  sockets ;  and  his  opinion  of  the  cetacean  nature 
of  the  fossil  was  afterwards  confinned  by  Dr.  Wyman  and  Professor  R. 
W.  Gibhes.  That  it  was  an  extinct  spedes  of  the  whale  ti'ibe  has  since 
been  placed  beyond  all  doubt  by  the  discovery  of  the  entire  skull  of 
another  fossil  of  the  same  fiunily,  found  to  have  the  double  occipital 
condyles  only  met  with  in  mammals,  and  the  convoluted  tympanic  bones 
which  are  characteristic  of  cetaceans. 

Near  the  junction  of  No.  2,  and  the  incumbent  limestone,  No.  3,  next 
to  be  mentioned,  are  strata  characterized  by  ihe  following  shells  ;  Spon- 
dylus  dumoms  t^Piagiostoma  dumomm,  Morton),  Pectm  Foulsoni,  Pee- 
ten  perplanus,  and  Oslrea  ei-efacea. 

No.  3  (fig.  190)  is  a  white  limestone,  forthe  most  part  made  up  of 
the  Orbitoides  of  D'Orbigny  before  mentioned  (p.  200),  formerly  sup- 
posed fo  be  a  nummuUte,  and  called  N".  McmtelH,  mixed  with  a  few 
iunulities  and  small  corals  and  shells.*  The  origin  of  this  cream-colored 
soft  stone,  like  that  of  whit*  cLaik,  which  it  much  resembles,  is,  I  beheve, 
due  to  the  decomposition  of  the  orbitoides.  The  surface  of  the  country 
where  it  prev^s  is  sometimes  marked  by  the  absence  of  wood,  like  our 
chalk  downs,  or  is  covered  exclusively  by  the  Juniperua  Virginiana,  as 
certain  chalk  districts  in  England  by  yew-ti'ccs  and  juniper. 

Some  of  the  shells  of  this  limestone  are  common  to  the  Claiborne 
beds,  but  many  of  them  are  peculiar. 

It  will  be  seen  in  the  section  (fig.  190,  p.  155)  that  the  strata,  Nos.  1, 
2,  3,  are,  for  the  most  part,  overlaid  by  a  dense  formation  of  sand  or  clay 
without  fossils.  In  some  points  of  the  bluff  or  chfi"  of  the  Alabama 
river,  at  Claiborne,  the  beds  Nos.  1,  2,  are  exposed  nearly  from  fop  to 
bottom,  whereas  at  the  other  points  Uie  new  formation,  No.  4,  occupies 
the  face  of  nearly  the  whole  clifi'.  Tlie  age  of  this  overlying  mass  has 
not  yet  been  determined,  as  it  has  hitherto  pi-oved  destitute  of  organic 
cejnains. 

The  burr-stone  strata  of  the  Southern  Staf^B  contain  so  many  fossils 
agreeing  with  those  of  Claiborne,  that  it  doubtless  belongs  to  the  same 
part  of  the  Eocene  gi^oup,  though  I  was  not  fortunate  enough  fo  see  the 
relations  of  the  two  deposits  in  a  continuous  section.  Mr.  Tuomey  con- 
siders it  as  the  lower  portion  of  the  series.  It  may,  perhaps,  be  a  form 
of  the  Claiborne  beds  in  places  where  lime  was  wanting,  and  where  silex, 
derived  irom  the  decomposition  of  felspar,  predominated.  It  consists 
chiefly  of  slaty  clays,  quartzose  sands,  and  loam,  of  a  brick-red  color, 
with  layers  of  chert  or  burr-sfone,  used  in  some  places  for  miU-stonfs. 

*  Lyell,  Quart  Journ,  G«<il.  Soc,  1841,  vol.  iv.  p.  15. 
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Divisions  of  the  cretaceona  aeries  in  Nortliwestaro  Europe— Upper  cretateoua 
strata— Maastricht  beds— Chalt  of  Faxoe— White  chalk— Characterbfio  fosals 
— Extinct  cefJialopoda^-Spongea  and  loi-aJa  of  the  chalt— Signa  of  open  and 
deep  sea— Wide  area  of  white  chalk— Ita  origin  from  corals  and  sheila— Single 
pabblea  in  chalk — Siliceous  sandatone  in  Germany  contemporaneous  with  white 
dialk— Upper  greenaand  and  gault—Lower  orataceoua  strata— AtherfieH  aec- 
tioii,  Isle  of  Wight— Chalk  of  Soutli  of  Em-opc- Hippurite  lime  atone— Cre- 
taceous Flora — Chalk  of  United  States. 

Having  treated  in  the  preceding  chapters  of  the  tertiary  strata,  we 
have  nest  to  speak  of  the  uppermost  of  the  secondaiy  groups,  called  the 
Chalk  or  Cretaceous  (No.  6,  Table,  p.  103),  because  in  those  parts  of 
Europe  where  it  was  first  studied  its  upper  members  are  foimed  of  that 
remarkable  white  earthy  limestone,  termed  chalk  (creta).  The  ioferior 
division  consists,  for  the  most  part,  of  clays  and  sands,  called  Greensand, 
because  some  of  the  sands  derive, a  bright  green  color  from  intermixed 
gi-ains  of  chloritic  matter.  The  cretaceous  strata  in  the  northwest  of 
Europe  may  be  thus  divided  :* 

Xfpp&e  Cretaceous. 

1.  Maestrieht  beds  and  Faxoe  limestone. 

2.  Upper  white  chalk,  with  flints. 

3.  Lower  white  chalk,  without  flints,  passing  downwards  into  chalk  marl,  which 

is  slightly  argillaceoua, 

4.  Upper  greensand. 
6.  Oault. 

Lower-  Oretaeeous, 


Maestrieht  Beds. — On  the  banks  of  the  Meuse,  at  Maesfi-ifibt,  reposing 
on  ordinary  white  chalk  with  flints  find  upper  calcareous  forma- 
tion about  100  feet  thiclc,  the  foss  wh  a  ,  on  the  whole,  very 
peculiar,  and  all  distinct  from  t«rt  a  8  me  few  are  of  species 

*  M.  Alcide  d'Orhigny,  in  bis  valuab     w    k  d  PalSontoIogie  Frangaiee, 

has  adopted  new  terms  for  the  French  E  bd  h   Cretaceous  Series,  which, 

so  far  as  they  can  be  made  to  tally  with  E  g    h   qui  al    ta,  aeera  explicable  thna : 

Danien.         Maastricht  beds. 

Senonien.      Upper  and  bwer  white  chalk,  and  chalk  marL 

Turonien.      Part  of  the  clialk  marl  and  the  upper  greenisand,  the  latter  being 
in  hia  laat  work  (Couca  El^mentaire)  termed  CInonaanien. 

Albien.         Gault. 

Aptien.         Upper  part  of  lower  grcenaand. 

Heocomien.   lower  part  of  aame. 

li 
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commc.]!  to  tlie  inferior  wliite  chalk,  among  which  may  bo  mentioned 
Selemniles  mwrmatm  (see  fig.  197)  and  Pectm  guadrwostatus.  Besides 
the  Belemnite  there  are  other  gmera,  such  as  Ammonite,  Baculite,  and 
Hamite,  never  found  in  strata  newer  than  the  cretaceous,  hut  freqiiently 
met  with  in  tiese  Maestricht  beds.  On  the  other  hand,  Volutes  and 
otter  genera  of  univalve  shells,  usually  met  with  only  in  tertiary  atiata. 

The  upper  part  of  the  rock,  about  20  feet  thieli:,  as  se«n  in  St  Peter's 
Mount,  in  the  suburbs  of  Maestricht,  abounds  in  corals,  often  detachable 
from  the  matiix ;  and  these  beds  are  succeeded  by  a  soft  yellowish  lime- 
stone 50  feet  thick,  extensively  quarried  ftom  time  immemorial  for  build- 
ing. The  stone  below  is  whiter,  and  contains  occasional  nodules  of  gray 
chert  or  chalcedony. 

M.  Bosquet,  with  whom  I  lately  examined  this  formation  (August, 
1850),  pointed  out  to  me  a  layer  of  ehallc  fi'om  2  to  4  inches  thick,  con- 
ttuning  green  earth  and  nmnerous  encrinital  stems,  which  forms  the  line 
of  demarcation  between  the  strata  containing  the  fossils  peculiar  to 
Maestricht  and  the  whit«  chalk  below.  The  latter  is  distinguished  by 
regular  layers  of  black  flint  in  noduies,  and  by  several  shells,  such  aa 
Terebratula  eamea  (see  fig.  201),  wholly  wanting  in  beds  higher  than 
the  green  band.  Some  of  the  organic  remains,  however,  for  which  St. 
Peter's  Mount  is  celebrated,  occur  both  above  and  below  that  parting 
layer,  and,  among  others,  the  great  marine  reptile,  called  Mosasaums,  a 
saurian  supposed  to  have  been  24  feet  in  length,  of  which  the  entire 
skull  and  a  great  part  of  the  skeleton  have  been  foimd.  Such  remains 
are  chiefly  met  with  in  the  soft  freestone,  the  principal  member  of  the 
Maestricht  beds. 

Chalk  of  Foieoe.—la  the  island  of  Seeland,  in  Denmark,  the  newest 
member  of  the  chalk  seiies,  seen  in  the  sea-cliffs  at  Stevensklint  resting 
on  white  chalk  with  flints,  is  a  yellow  Umeatone,  a  portion  of  which,  at 
Faxoe,  where  it  is  used  as  a  building-stone,  is  composed  of  corals,  even 
more  conspicuously  than  is  usually  observed  in  recent  coral  reefe.  It  has 
been  quarried  to  the  depth  of  more  than  40  feet,  but  its  thickness  is  un- 
known. The  imbedded  shells  are  chiefly  casta,  many  of  them  of  univalve 
^nollusca,  which,  aa  they  strictly  belong  to  tlie  Cretaceous  era,  are  worthy 
of  notice,  since  such  forms,  whether  spiral  or  patelSiform,  are  wanting  in 
the  white  chalk  of  Europe  generaUy.  Thus,  tiiere  are  two  species  of 
Gyp-tea,  one  of  Oliva,  two  of  Mitm,  four  of  the  genus  Gerithmm,  six  of 
Fusus,  two  of  Trockus,  one  Patella,  one  Emarginula,  &C.,  on  tiie  whole, 
more  than  thkty  univalves,  spiral  or  patelliform,  not  one  of  which  is 
common  to  the  white  chalk.  At  the  same  time,  a  large  proportion  of  tiio 
accompanying  bivalve  shells,  echinoderms,  and  zoophytes,  are  specifically 
identical  with  fossils  of  older  parts  of  the  Cretaceous  series.  Among  the 
cephalopoda  of  Faxoe,  may  be  mentioned  BaculUes  Faujasii  and  Belem- 
nitea  mua-ortatus,  shells  of  the  white  chalk. 

The  claws  and  entire  shell  of  a  small  crab,  Brachyurus^  ruffosus 
(Schlotheim),  are  scattered  through  the  Faxoe  stone,  reminding  us  of 
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similar  crustaceans  enclosed  in  the  rocks  of  macj- 
modem  coral  rcefe*  Sciine  small  portions  of  tils 
coralline  formation  consist  of  white  earthy  chalk  ;  it  is, 
therefore,  clear  that  this  substance  must  have  been  pro- 
duced simultaneously,  a  fact  of  some  importance,  as 
bearing  on  the  theory  of  the  origin  of  white  chalk;  for 
the  decomposition  of  such  corals  as  we  see  at  Faxoe  is 
capable,  we  know,  of  forming  white  mud,  imdistinguish- 
able  from  chalk,  and  which  we  may  suppose  to  have 
been  dispersed  lar  and  wide  through  the  ocean,  in 
which  such  reets  as  that  of  Faxoe  grew. 

White  Chalk  (2  and  3,  Tab,  p.  209).— The  highest 
beds  of  chalk  in  England  and  Finance  consist  of  a  pure, 
white,  calcareous  mass,  usually  too  soft  for  a  building 
stone,  but  sometimes  passing  info  a  more  solid  state. 
Tt  consists,  almost  purely  of  carbonate  of  lime ;  the 
stratification  is  often  obscure,  except  where  rendered 
distinct  by  interstratified  layers  of  flint,  a  few  inches 
thick,  occasionally  in  continuons  beds,  but  oftener  in 
nodules,  and  recurring  at  intervals  from  2  to  4  feet 
distant  fiwrn  each  other. 

This  upper  chalk  is  usually  succeeded,  in  the  descend- 
ing order,  by  a  great  mass  of  white  chalk  without  flints, 
below  which  comes  the  chalk  marl,  in  which  there  is  a 
slight  admixtiu*  of  argillaceous  matter.  The  united 
thickness  of  the  thi'ee  divisions  in  the  south  of  Eng- 
land equ^  in  some  places,  1000  feet.f 

The  annexed  section,  fig.  193,  will  show  the  manner 
in  which  the  white  chalk  extends  from  England  into 
Fiance,  covered  by  the  tertiaiy  strata  described  in  former 
chaptrs,  and  reposing  on  lower  ci'etaceous  beds. 

Among  the  conspicuons  forms  of  moUusca  wholly 
foieign  to  the  tertiary  and  recent  periods,  and  whidi 
we  meet  with  in  the  white  chalk,  are  the  Belemnite, 
Ammonite,  Bacniite,  and  Tumlife,  all  genera  of  Oepha- 
liipodc,  a  family  to  which  the  hving  cuttle-fish  and  nau- 
tilus belong. 

;.  IM.  Fig.  195, 


Msulricht  nod  Fi 


*  See  paper  by  the  author,  Trans,  of  Geol,  Soc.  vol, 
■f  Fittoa  Geo!  Trans.  2d  series,  vol,  iv.  p.  319. 
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Among  the  bra  hi  pola  m  the  yhito  diHlk,  the  Ttithoi dp  p  ^f  y 
abundant  Tliesa  ahrfh  iie  In  vi  tj  hve  it  tlip  b  ttom  of  tl  p  'iei, 
where  the  watPi  I'i  tnnqml  inl  of ''jme   1  ptl  (se«  li„     US  109  200, 


(U) 


TerebrahOapa-xikl '  Te  ebmfula       Ter^  a 


,.    .     .  Te  ^mtiUa       Ter^  aiuin  pa.    i/us 

^ormlTBW  jtlaatlits         i^agaep    aim  H:     ) 

Uppar  white  chalk.  sdeTien  TJppe  nhle  chalk. 


201).   'Wi&  these  are  assodated  some  forma  of  oyster  (see  iiga.  202  and 
204),  and  other  bivalves  {figs.  203,  205,  206,  207,  208). 


Osirea  eesiouiaris.  ffrvphaagb}- 

bonhMLn  Con 
Upper  ehalt  nna  oppet  groansand. 
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v\f,  the  (.refai  eons  erf 
and  In  111, 


Syn  tatmat  Zamareth. 
■'h  fc  (Dions  Geo    BnBBei,  Tsb   2B. 
%  29) 


Europe,  \men(,x 

manuei  than  the  extinct  genus 
Inoceramm^CaliUu^  oihsmk), 
the  shells  of  which  are  distin 
gm-Jied  by  a  fibrous  texture, 
and  iTP  often  met  with  m 
fl^gmenta  h»Ting  piubably, 
been  extremely  friable 

W  th  the&e  moUusea  are 
7  CO  als   (flgs.    209,  210, 

II)  andsea urchins (fig.2I2), 
^1  di  ace  alike  maiine,  and, 
{  r  the  most  part,  indicative  of 
1  deep  sea.    Thej  are  dispersed 

dfferenlly  through  fbe  soft 
chalk,  and  haid  fiint,  and  some 


of  the  fl    ty  nodules  owe  the  r  megular  forms  to  inclosed 


^eha^a  diatlBha. 
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Amta^l/tea  mal  I     "White  cbslk  upper  and  lower 

1  of  Oio  shall  on  wh  oh  bnth  the  oral  and  anal  sperture!  are  placed ; 


ds  m  the  specimen  represented  in  fig.  211,  wtere  the  hollows  in  the  ex- 
terior ai'e  caused  by  the  branches  of  a  apongo  seen  on  breaking  open  the 
flint,  fig.  210. 

Of  the  siugalar  femily  called  Mudistes,  by  Lamarck,  hereafter  to  be 
mentioned,  bs,  extremely  cliaracteristJo  of  tJie  chalk  of  Southern  Eitrape, 
a  single  representative  only  (fig.  213)  has  been  diaeovei'cd  in  the  white 
chalk  of  England. 


S15.  Transveree  eeoUun  of  pert  of  Ox 

Sis.  Tratfcal  seoUon  of  tbe  same. 

On  Uie  eiia  wHe™  the  shell  le  thhmaBt,  tliere  is  one  eitemsl  flirrow  snd  corresponaing  Jntenii' 

ildga.  a,  i,  BgB.  913,  S14;  bnt  they  en  nsuslly  Insa  prominent  tlinu  In  th^e  figures.    TlHs  species 

h£A  beeu  relied  to  SippuriUS,  bafdoes  not^  I  believe,  fully  agree  En  chai'acter  witli  tb^genu^ 

the  Ru^4^es  as  bivalve  moltuaoa-    Tho  Gneclmen  above  flimtad  was  dlsuaver^  by  tiie  lato 
Mr.  Dlson. 

The  remains  of  fishes  of  the  Upper  Cretaceous  formations  consist 
chiefly  of  teeth,  of  the  shark  family  of  genera,  in  part  common  to  the 
tei'tiary,  and  partly  distinct.  But  we  meet  with,  no  bones  of  land  animals, 
nor  any  terrestrial  or  fluviatile  shells,  nor  any  plants,  except  sea-weeds, 
and  here  and  there  a  piece  of  diifl^-wood.  All  tte  appearances  concur 
in  leading  ns  to  conclude  that  the  whiffl  chalk  was  tlie  product  of  an 
open  sea  of  considerable  depth. 

The  existence  of  turtles  and  oviparous  saurians,  and  of  a  Pterodactyl 
<ir  winged-lizard,  found  in  tlie  white  chalk  of  Maidstone,  implies,  no 
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doubt,  some  neiglibraing  hnd  ,  but  a  few  small  islets  in  mid-ocean,  like 
Aaceusion  bo  mucli  fiequent»d  by  migratflry  droves  of  turtles,  laight 
perhaps  hive  afioided  tUe  required  retJ^at  where  these  creatures  might 
lay  their  eggs  in  the  sand,  or  from  which  the  flying  speeiea  may  have 
been  hlown  out  to  sea  Of  the  vegetation  of  suii,  islands  we  have 
scarcely  any  indication,  hut  it  consisted  partly  of  cycadeous  plants ;  for 
a  fragment  of  one  of  these  was  found  by  Capt.  Ibhetson  in  the  chalk 
marl  of  the  Isle  of  Wight,  and  is  referred  by  A.  Brongniart  to  Clathrana 
Lyellii,  Mantell,  a  species  common  to  the  antecedent  Wealden  period.    ' 

Cfeograpldcal  extent  and  origin  of  the  WMte  C%a?it.— The  area  over 
which  the  white  chalk  preserves  a  nearly  homogeneous  aspect  is  so  vast, 
that  the  earlier  geolo^ts  despaired  of  discovering  any  analogous  deposits 
of  recent  date.  Pure  chalk,  of  nearly  uniform  aspect  and  composition, 
is  met  with  in  a  northwest  and  soulheast  direction,  from  the  north  of 
Ireland  to  the  Crimea,  a  distance  of  about  1140  geogi'aphical  miles; 
and  in  an  opposite  direction  it  extends  fram  the  south  of  Sweden  to  the 
south  of  Bourdeaux,  a  distance  of  aboiit  840  geographical  miles.  In 
Southern  Russia,  according  to  Sir  K.  Miirchison,  it  is  sometimes  600  feet 
thick,  and  ret^ns  the  same  mineral  character  as  in  France  and  England, 
with  the  same  fosals,  including  Inocerarmis  Ouvieri,  Belemnites  mucro- 
natus,  and  Oatrea  vesicularis. 

But  it  would  be  an  error  to  imagine,  that  the  chalk  was  ever  spread 
out  continuously  over  the  whole  of  the  space  corapiised  within  these 
limits,  although  it  prevailed  in  greater  or  less  thickness  over  large  por- 
tions of  that  area.  On  turning  to  those  regions  of  the  Pacific  where 
coral  reeis  abound,  we  find  some  archipdagoes  of  lagoon  islands,  such 
as  that  of  the  Dangerous  Archipelago,  for  instance,  and  that  of  Kadaok, 
with  several  adjoining  groups,  which  are  from  1100  to  1200  miles  in 
length,  and  800  or  400  miles  broad;  and  the  space  to  which  Flinders 
proposed  to  give  the  name  of  the  CoraUine  Sea  is  still  larger ;  for  it  is 
bounded  on  the  east  by  the  Austrahan  harrier, — all  formed  of  coral 
rock — on  the  west  by  New  Caledonia,  and  on  the  north  hy  the  reefe  of 
Louisiade,  Although  the  islands  in  these  areas  may  be  thinly  sown, 
the  mud  of  the  decomposing  zoophytes  may  be  scattered  isx  and  wide 
by  oceanic  currents,  l^at  this  mud  woidd  resemble  eha]k  I  have  al- 
ready hinted  when  speaking  of  tlie  Faxoe  limestone,  page  211 ;  and  it 
was  also  remarked  in  an  early  part  of  this  volume,  that  some  even  of 
that  chalk  which  appears  to  an  ordinary  observer  quite  destitute  of  or- 
ganic remains,  is  nevertheless,  when,  seen  under  the  microscope,  full 
of  fragments  of  corals  and  sponges ;  togetiier  with  the  valves  of  ento- 
mostraca,  the  shells  of  foraminifera,  and  still  more  minute  infusoria. 
(See  p.  26.) 

Now  it  had  been  often  suspected,  before  these  discoyeiies,  that  white 
chalk  might  be  of  animal  origin,  even  where  every  trace  of  organic 
structure  has  vanished.     This  bold  idea  was  partly  founded  on  the  fact, 

*  rtoccedings  of  Geol.Soc  vol.  iii.pp.  1,  8,  1S42. 
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tliat  the  dialk  consisted  of  pure  carbonate  of  lime,  sucii  as  would  result 
from  the  deeompoailion  of  testacea,  echini,  and  corals ;  and  partly  on 
the  passage  observable  between  these  fossils  when  half  decomposed  and 
chalk.  But  this  conjecture  seemed  to  many  naturalists  quite  vague  and 
visionary,  until  its  probability  was  strengthened  by  new  evidence  brought 
to  light  by  modern  geologists. 

We  learn  ftom  Lieutenant  Nelson,  that,  in  the  Bermuda  Islands,  there 
are  several  basins  or  lagoons  almost  suwoimded  and  inclosed  by  reefe  of 
coral  At  the  bottom  of  these  lagoons  a  soft  white  calcareous  mud  is 
formed  by  the  decomposition  of  Eichara,  Fhistra,  Cellepora,  and  other 
coraJlines.  This  mud,  when  dried,  is  imdistinguishable  ii'om  common 
white  earthy  chalk;  and  some  portions  of  it,  presented  to  the  Museum 
of  the  Geological  Society  of  London,  might,  after  full  esamination,  be 
mistaken  for  ancient  chalk,  but  for  the  labels  attached  to  them.  About 
the  same  time  Mr.  C.  Darwin  observed  similar  facts  in  the  coral  islands 
of  the  Pacific ;  and  came  also  to  the  opinion,  that  much  of  the  soft 
white  mud  found  at  the  bottom  of  the  sea  near  coral  reefe  has  passed 
through  the  bodies  of  worms,  by  which  the  stony  masses  of  coral  are 
everywhere  bored ;  and  other  portions  through  the  intestines  of  fishes ; 
for  certain  gi'egarious  fishes  of  the  genus  Spams  are  visible  through  the 
clear  water,  browsing  quietly,  in  great  numbers,  on  living  corals,  like 
gi'aaing  herds  of  graminivorous  quadrupeds.  On 
opening  their  bodies,  Mr.  Darwin  found  their  in 
testines  fiUed  with  impure  chalk.  This  cireum 
stance  is  the  more  in  point,  when  we  recollect  how 
the  fossilist  was  formerly  puzzled  by  meeting,  m 
chalk,  with  certain  botJies,  called  cones  of  the 
larch,  which  were  afterwards  recognized  by  Di 
Buckland  to  be  the  excrement  of  fish.*  These 
spiral  coprolites  (see  figures),  like  the  scales  and 
bones  of  fossil  fish  in  the  chalk,  are  composed 
chiefly  of  phosphate  of  Ume. 

Mr.  Dana,  when  describing  the  elevated  coral  reef  of  Oahu,  in  the 
Sandwich  Islands,  says,  that  some  varieties  of  the  rock  consist  of  aggre- 
gated shells,  imbedded  in  a  compact  calcareous  base  as  fiim  in  texture 
as  any  secondary  limestone;  while  others  are  like  chalk,  having  its  color, 
its  earthy  fracture,  its  soft  homogeneous  texture,  and  being  aa  equally 
good  writing  materiah  The  same,  author  describes,  in  many  growing 
coral  reefe,  a  similar  foimation  of  modem  chalk,  undistinguishable  fi'om 
the  andent-f  The  extension  over  a  wide  submarine  area  of  the  calca- 
reous matrix  of  the  chalk,  as  well  as  of  the  imbedded  fossils,  would  take 
place  tlie  more  readily,  in  consequence  of  the  low  specific  gravity  of  the 
shells  of  mollusca  and  zoophytes,  when  compared  with  ordinary  sand 
and  mineral  matter.    The  mud  also  derived  from  their  decomposition 

*  QeoL  Trans.  Second  Series,  vol  iiL  p.  232,  plate  31,  figs,  3  and  II. 
t  QeoL  ot  U.  S,  Eiploring  Exped.  p.  2B3, 1849. 
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would  be  much  lightev  tlian  argillaceous  and  otlier  inoi'g-anic  mud,  and 
very  easaly  transported  by  currents,  especially  in  salt  water. 

Single  pebbles  in  chalk. — The  general  absence  of  sand  and  pebbles  in 
the  white  chalk  has  been  already  mentioned ;  but  the  occurrence  here 
and  there,  in  the  southeast  of  England,  of  a  few  isolated  pebbles  of  quartz 
and  green  schist,  some  of  tliem  3  or  3  inches  in  diameter,  has  justJy  ex- 
dted  much  wonder.  If  these  had  been  carried  to  the  spots  where  we 
now  find  them  by  waves  or  currenta  from  the  lands  once  bordering  tlie 
cretaceous  sea,  how  happened  it  that  no  sand  or  mud  were  transported 
thitler  at  tlie  same  time  !  We  cannot  conceive  such  rounded  stones  to 
have  been  drifted  like  erratic  blocks  by  ice,*  for  that  would  imply  a  cold 
climate  in  the  Cretaceous  period ;  a  suppositJon  inconsistent  with  the 
luxuriant  growth  of  large  chambered  univalves,  numerous  corals,  and 
many  fish,  and  other  fossils  of  tropical  forms. 

Now  in  Keeling  Island,  one  of  those  detached  masses  of  coral  which 
rise  up  in  the  wide  Pacific,  Captain  Eoss  found  a  single  fragment  of 
greenstone,  where  every  other  pailicle  of  matter  was  calcareous ;  and 
Mr.  Darwin  concludes  that  it  must  have  come  there  entangled  in  the 
roots  of  a  large  ti'ee.  He  reminds  us  tliat  Chamisso,  the  distinguished 
naturalist  who  accompanied  Kotzebue,  affirms,  that  the  inhabitants  of 
the  Eadack  archipelago,  a  group  of  lagoon  islands,  in  the  midst  of  the 
Padfic,  obtained  stones  for  sharpening  their  instruments  by  searching 
the  roots  of  trees  which  are  cast  up  on  the  beach.f 

It  may  perhaps  be  objected,  that  a  similar  mode  of  transport  cannot 
have  liappened  in  the  cretaceous  sea,  becauise  fosal  wood  is  very  rare  in 
the  chalk.  Nevertheless  wood  is  sometimes  met  with,  and  in  the  same 
parts  of  the  chalk  where  the  pebbles  are  foimd,  both  in  soft  stone  and 
in  a  silicified  state  in  flints.  In  these  cases  it  has  often  eveiy  appearance 
of  having  been  floated  fi'om  a  distance,  being  usually  perforated  by  bor- 
ing-shefls,  such  as  the  Teredo  and  Mstulana.^ 

The  only  other  mode  of  transport  which  suggests  itself  is  sea-weed. 
Dr.  Beck  informs  me,  that  in  the  Lym-Fiord,  in  Jutland,  the  Fucua  ve- 
skulosus,  often;  called  kelp,  sometimes  grows  to  the  height  of  10  feet, 
and  the  branches  rising  from  a  single  root  form  a  cluster  several  feet  in 
diameter.  When  the  bladders  are  distended,  the  plant  becomes  so  buoy- 
ant as  to  float  up  loose  stones  several  inches  in  diameter,  and  these  are 
often  thrown  by  the  waves  high  up  on  the  beach.  The  Fucus  giganteua 
of  Solander,  so  common  in  TeiTa  del  Fuego,  is  said  by  Captain  Cook  to 
attain  the  length  of  360  feet,  although  the  stem  is  not  much  thicker 
than  a  man's  thumb.  It  is  often  met  with  floating  at  sea,  with  shells 
attached,  sevei'al  hundred  miles  from  the  spots  where  it  grew.  Some 
of  these  plants,  says  Mr,  Darwin,  were  found  adhering  to  large  loose 
stones  in  the  inland  channels  of  Terra  del  Fuego,  during  the  voyage 
of  the  Beagle  in  1834  ;  and  that  so  firmly,  that  the  stones  were  drawn 

*  See  cImpterB  s,  and  xi. 

f  Darwin,  p.  649.    Kotzebue's  First  Toyage,  vol.  iii.  p.  155. 

%  ManteU,  QeoL  of  S.  E.  of  Eogland,  p.  96. 
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npli'om  lis  bottom  into  the  boat,  alttough  .„  h,„,  ,h«t  ftey  oonU 
sercelj  be  hited  in  by  one  penon.  Some  foril  ,ea-wee<Is  h.ve  been 
found  m  tlie  Cretaceoua  formation,  but  none,  as  yet,  of  large  size. 

But  we  mast  not  imagine  that  because  pebbles  are  so  rare  m  the 
white  ohalk  of  England  and  Franoe,  there  are  no  prooti  of  sand,  sliingle. 
and  olay  having  been  aeoumulated  contemporaneously  even  in  the 
European  seas.  The  siliceous  sandstone,  called  "upper  quader"  by 
the  Ueimans,  overlies  white  argillaceous  chalk,  or  "  pUner-kallt »  a  di 
posit  remnbling  ia  composition  and  organic  remains  the  cbalk  marl 
ot  the  Enghsh  series.  This  sandstone  contains  as  many  fossil  shells 
common  to  our  white  chalk  as  could  be  eip.cted  in  a  se..botl»m  formed 
of  such  diifercnt  mateiials.  It  sometimes  attains  a  thickness  of  Boo  feet, 
and  by  "f  jomted  structure  and  vertical  piecipices,  plays  a  conspicuous 
pait  m  the  piotui»c[ue  scenery  of  Saion  Switzerland,  near  Dresden 

U„,r  y™^  (4  Tab.  p.  209).-'ni.  lower  chalk  withont'dint 
passes  gradually  downwards,  in  the  south  of  England,  into  an  aririlla. 
o»«.  limMoae,  -the  Aalk  m.rV  already  allnded  to,  in  which  ammo- 

^^Th-'"'',  !"'■•."  ™  "  ""  1>«'"»P"*  «f  ae  series, 
appar.  This  marl,  deposit  passes  in  its  turn  into  bed.  containing 
green  prticle,  of  a  chlorine  mineral,  called  the  nppjr  greensand.  iS 
parts  of  Surrey  cjl<»reo„s  matter  is  largely  intermixed,  forming  a  stone 
caUed/mfc„.  In  the  clilfs  of  the  southen,  coast  of  flie  Isle  ofWight 
to  upper  greensand  is  100  fe«  thick,  and  contuns  bands  of  silicon; 
limestone  and  calcareous  sandstone  with  nodules  of  chert 


ffaw?;.— The  lowest  member  of  the  upper  Cretaceous  group,  usually 
about  100  feet  thick  m  the  b  E  cf  Englmd  isprovmuallytermedCault, 
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It  coDsiata  of  a  dart  blue  marl,  someiimes  infermixed  ivitk  gi'e«nsand. 
Many  peculiar  forms  of  cephalopoda,  such  as  the  Handle  (fig.  221),  aad 
Seaphiie,  with  other  fossils,  charaeteiize  this  formation,  which,  small  as 
is  its  thickness,  can  he  traced  by  its  organic  remains  to  distant  parts  of 
Europe,  as  for  example,  to  the  Alps. 

The  phosphate  of  lime,  found  lately  near  Farnham,  in  Surrey,  in  such 
abundance  as  to  be  used  largely  by  tlie  agricultiiriat  for  fertihzing  soils, 
occurs  esdusively,  according  to  Mr.  K.  A.  C.  Austen,  in  the  upper  green- 
sand  and  gault.  It  is  douhtlesa  of  animal  oiigin,  and  partly  coprolitic, 
"  y  derived  irom  the  excrement  of  fish, 


3  DIVISION.  (iSTo.  6,  Tab.  p.  209.) 
That  part  of  the  Cretaceous  seri^  which  is  older  than  the  Ganlt  has 
been  commonly  called  the  Lower  Greensand.  The  gi'eater  number  of 
its  fossils  are  specifically  distinct  from  those  of  the  upper  cretaceous 
System.  Dr.  Fitton,  to  whom  we  are  indebted  for  an  excellent  mono- 
graph on  this  formation  as  developed  in  England,  ^ves  the  following  as 
the  succession  of  rocks  seen  in  pails  of  Kent ; 


No,  1.  Sand,  wtite,  yellowish,  or  ferruginous,  with  concretions  of 

limeslone  and  chert, '10  feet, 

3.  Sand  with  green  matter, 70  to  100  feet. 

S.  Oaloareoua  atone,  called  Kentisli  rag,   -        -        -        -  CO  to  80  feet 

In  his  detailed  desaiption  of  the  fine  section  displayed  at  Atheifield, 
in  the  south  of  the  Isle  of  Wight,  we  find  the  limestone  wholly  wanting: 
in  fact,  the  variations  in  the  mineral  composition  of  this  group,  even  in 
contiguous  districts,  is  very  great ;  and  on  comparing  the  Atherfield  beds 
with  coiresponding  strata  at  Hythe  in  Kent,  distant  95  miles,  the  whole 
series  has  lost  half  its  thickness,  and  presents  a  very  dissimilai'  aspect.* 

On  the  other  hand.  Professor  E.  Forbes  has  shown  that  when  the  sixty- 
thi'ce  strata  at  Atherfield  are  severally  examined,  the  total  thickness  of 
which  he  gives  at  843  feet,  there  are  some  fossils  which  range  through 
the  whole  series,  others  which  are  peculiar  to  particular  divisions.  As  a 
proof  that  all  belong  chronolo^eally  to  one  system,  he  states  that  when- 
ever similar  conditions  are  repeated  in  overlying  stiata  the  same  species 
reappear.  Changes  of  depth,  or  of  the  mineral  nature  of  the  bottom, 
the  presence  or  absence  of  Ifane  or  of  peroxide  of  iron,  the  occuirence  of 
a  muddy,  or  a  sandy,  or  a  graveDy  bottom,  are  marked  1^  the  banish- 
ment of  certMn  species  and  the  predominance  of  others.  But  these  dif- 
ferences of  conditions  being  mineral,  chemicd,  and  local  in  their  nature, 
have  nothing  to  do  with  the  extinction,  throughout  a  large  area,  of  cer- 
tain animals  or  plants.  The  rule  laid  down  by  this  eminent  naturalist 
for  enabling  us  to  test  the  amval  of  a  new  state  of  things  in  the  animate 
world,  is  the  representation  by  new  and  different  species  of  corresponding 

*  Dr.  Titton,  Quart  Geo!,  Jouro.  vol.  i  p.  179,  ii,  p.  D6,  and  uL  p.  289,  where 
comparative  sections  and  a  valuRble  table  ahowing  the  vertical  range  of  the  vari- 
ous foflflila  of  the  lower  greenaand  at  Atherfield  ia  given. 
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genera  of  moUwsca  or  other  beings.  When  the  forms  proper  to  loose 
sand  or  soft  clay,  or  a  stony  or  calcareous  bottom,  or  a  moderate  or  a 
great  depth  of  water,  recur  with  all  the  same  species,  the  interval  of 
time  has  been,  geologicaHy  speating,  small,  however  dense  the  mass  of 
matter  accumulated.  But  i^  the  genera  remaining  the  same,  the  species 
are  changed,  we  have  entered  upon  a  new  period ;  and  no  sunilarity  of 
climate,  or  of  geographical  and  local  conditions,  can  then  recall  the  old 
species  which  a  1  nj;  senes  of  deattiictive  causes  in  the  animate  and  in- 
animate world  his  gradually  annihilated.  On  passing  from  the  lower 
greensand  to  the  gault,  we  suddenly  reach  one  of  those  new  epochs, 
scarcely  an^  f  the  fossd  species  being  common  to  thedower  and  upper 
cretaceous  systems  a  bieak  sn  the  chain  implying  no  doubt  many  mis- 
sing links  ra  the  series  f  geological  momimenls  which  we  may  some 
day  be  able  to  supply 

One  of  the  largest  anl  most  abundant  shells  in  the  lowest  strata  of 
the  lower  ^re  n  ■«!  1  is  displayed  in  the  Atherfleld  section,  is  the  large 
Pema  mullet     t    vh   h  i  reduced  figure  is  here  given  (fig.  222). 


Biz  228 


In  the  south  of  England,  during  the  accumulation  of  the  lower  green- 
sand  above  described,  the  })s&  of  the  sea  appears  to  have  been  continual- 
ly sinking,  from  the  commencement  of  the  period,  when  the  freshwater 
Wealden  beds  were  submerged,  to  the  deposition  of  those  strata  on 
which  the  gault  immediately  reposes. 

Pebbles  of  quai'tzose  sandstone,  jasper,  and  flinty  slate,  together  with 
grains  of  chlorite  and  mica,  speak  plainly  of  the  nature  of  the  pre-existing 
rocks,  from  the  wearing  down  of  which  the  greensand  beds  were  derived. 
The  land,  consisting  of  such  rocks,  was  doubtless  submerged  before  the 
origin  of  die  white  chalk,  as  corals  can  only  multiply  in  the   clear 
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Difference  between  the  chalk  of  the  north  and  south  of  Uurope. — 
By  the  aid  of  the  three  tests  of  relative  age,  namely,  superposition, 
minei-al  character,  and  fossils,  the  geolo^st  has  been  enabled  to  refer 
to  the  same  Cretaceous  period  certain  rocka  in  the  nortJi  and  south  of 
Europe,  which  differ  gi'eatly,  hoth  in  their  fossil  contents  and  in  their 
mineral  composition  and  structure. 

If  we  attempt  to  trace  the  cretaceous  deposits  from  England  and 
France  to  the  countries  bordering  the  Mediten'anean,  we  perceive, 
in  the  first  place  that  the  chalk  and  greensand  in  the  neighborhood 
of  London  and  Paris  form  one  great  continuous  mass,  the  Straits  of 
Dover  heing  a  trifling  interruption,  a  mere  valley  with  chalk  clifla  on 
both  sides.  We  then  observe  that  the  main  body  of  the  chalk  which 
surrounds  Paris  stretches  ftom  Tom's  to  near  Poitiers  (see  the  annexed 
map,  fig.  223,  in  which  the  shaded  part  represents  chalk). 

Between  Poitiers  and  La  Rochelle,  tlie 
space  marked  A  on  the  map  separates 
two  regions  of  chalk.  This  space  is  oc- 
cupied by  the  Oolite  and  certain  other 
formations  older  than  the  Chalk,  and  has 
been  supposed  by  M.  E.  de  Beaumont  to 
have  foimed  an  island  in  the  cretaceous 
sea.  South  of  this  space  we  again  meet 
with  a  formation  which  we  at  once  recog- 
nize by  its  mineral  chatactei-  to  be  chalk, 
although  there  aie  some  places  wheie  the 
rock  becomes  oolitic  The  fossils  are, 
upon  the  whole,  very  simil'w 
certain  species  of  the  genera  i 
Ananchj/tes,  ddantes,  Ifucvia,  Oslrea, 
OryphcEa  {Exogyra),  Pectrni,  Plaqmsioma 
[Ltina),  Triffonta,  Cattllwi  {Imc&amu'i), 
sad  Terebratula  *  But  Ammonites,  as 
M.  d'Arehiac  observes,  of  which  so  m'my 
species  are  met  with  m  the  chaJk  ot  the 
noith  of  France,  a*e  scarcely  evei  found  in 
the  genera  ffamite,  Tambte,  and  ^ 
entirely  wanting. 

On  the  other  hand,  certain  forms  a 

ir  wholly  unknown  in  the  north  of  Frai 


the  southern  region ;  while 
and  perhaps  Belemnile,  are 


mentioned  many  Slpjmrites,  SphmruUtes,  and  c 


in  the  south  which  are 

Among  these  may  be 

of  that 


a  Form.  Crftfltfie  du  S.  0.  de  la  France,  Mem.  du  la  Soo.  C 
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grpat  family  of  molliisoa  called  JRxidisUs  by  Lamarck,  to  which  nothing- 
analogous  tag  been  discovered  in  flie  living  creation,  but  which  is  quite 
characteristic  of  rocks  of  the  Cretaceous  era  in  the  south  of  France,  Spain, 
Sicily,  Greece,  and  other  countries  bordering  the  Mediterraneaji, 


KadioMiea  raSio/nm,  Il'Orb.    (Jlippnriles,  Lamk.)  Kailelileafiliaema  D  Orb 

1 1 1 (. g^  Sp*ie™J/(e8 flffanci 

femiK  BlBfiiT 
Wb  toctialfcofi'rflDce 


"While  chalk  of  FriDi 


MppwUea  orffanisana,  nesmmiliiis. 
Upper  ohBlt : — chalk  marl  of  Pyrenefs  !• 
I.  Tonng  IndlyiaQal;  when  full  grown  Ihej  wxnr  In  erirapi  ndheting 
latMsUy  to —'■-'■- 


tfpper  Bide  of  the  onareular  Talva,  showing  a  rehc 
IboBO  porta,  bj  wbere  tho  estercal  eoaUng  l£  wi 
TTppei  Biae  of  the  lower  luid  cylinflrioal  Trtve. 


0.  TTppei .._.  .. 
a.  CesCortlisin 

The  species  called  Sipparites  organisam  (flg.  226)  is  more  abundant 
than  any  other  in  the  south  of  Emope ;  and  the  geolo^st  should  mate 
himself  well  acquainted  with  the  cast  d,  which  is  far  more  common 
in,  many  compact  marbles  of  the  upper  cretaceous  period  than  the  shell 
itselfi  wMci  has  often  wholly  disappeared.  Tlie  flutings,  or  smooth, 
rounded,  longitudinal  ribs,  representing  the  form  of  the  interior,  are 

*  D'Otbigny'a  Palfiontologie  Franjaise,  pi  6SS. 
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wholly  tinlike  tte  hippmite  itself,  and  ia  some  individuals,  which  attain 
a  great  size  and  length,  are  vevy  conspicuons. 

Between  the  region  of  chalt  last  mentioned  in  which  Peiigueux  is 
situated,  and  the  Pyrenees,  the  space  B  intervenes.  (See  Map,  p.  221.) 
Here  the  tertiaiy  strata  cover,  and  for  the  most  part  conceal,  the  ci'eta- 
ceom  rocks,  except  in  some  spots  where  they  have  been  laid  open  by  the 
denudation  of  newer  formations.  In  these  places  they  are  seen  still 
preserving  the  form  of  a  whit«  chalky  roek,  which  ia  charged  in  pajt 
with  gi'ains  of  green  sand.  Even  as  far  south  as  Tereis,  on  the  Adour, 
near  Dax,  where  I  examined  them  in  1828,  the  cretaceous  rooks  retain 
this  eharaeter.  In  that  region  M.  Grateloup  has  found  in  them  Anan- 
cliytes  ovata  (fig.  212),  and  other  fossils  of  the  EngHsh  chalk,  tog-ether 
with  Hippwrites. 


Although  the  fossil  plants  of  tlie  Cretaceous  era  at  present  known  are 
few  in  number,  the  rocks  being  principally  marine,  they  sufBce,  according 
to  M.  Ad.  Brongniart,  to  show  a  transition  character  between  the  vege- 
tation of  the  secondary  and  that  of  the  tertiary  formations.  The  ter- 
tiary strata,  when  compared  to  the  older  rocks,  ate  marked  by  the  pre- 
dominance of  Exogens,  which  now  constitute  three-fourths  of  the  living 
plants  of  the  globe,* 

These  exogens  are  wanting  in  the  secondary  sti'ata  generally,  but  in 
the  Cretaceous  period  they  equal  in  number  the  Gymnogens  (Cowiferx 
and  Oyeadece)  which  abounded  so  much  in  the  preceding  Oolitic  period, 
and  disappeared  before  the  Bk)cene  rocks  were  formed.f  The  discovery 
of  a  tre^fem  in  the  femi^noiB  sands  of  the  Lower  Cretaceous  group  of 
tlie  department  of  Ardennes  in  France  is  one  of  many  signs  of  the  con- 
trast of  the  flora,  and  doubtless  of  tlie  climate,  of  tliis  era  with  that  of 
the  Pliocene  and  Modern  periods. 

*  In  this  and  subaequent  remarks  oq  fossil  plants  I  eball  ofton  use  Dr.  Ijndley's 
terms,  aa  most  familiar  in  this  conntrj  ;  but  as  ihose  of  M.  A.  BroEgaiart  are  mudi 
dted,  it  mtiy  be  useful  to  geologists  to  gire  a  table  explaining  the  correspoading 
names  of  granps  so  much  spotan  of  in  plieontologj. 


EroDg; 


1.  Crjpt 
phii 


)iflgai] 


phigens,  or  cellukr 
■\  crjptogamie. 

3.  Crjptogamous   aero- 
[         gena. 
(U,  Dieotjledonous  gym- 


L-.  Dioot.  Aiigiosperms,  Exoge 


I  6.  Monocotyledons. 


Miositre,  legominoBiE,  umbel- 

lerie,  cruciferfe,  heaths,  i^ 

All  native  European  trees  es- 

cept  conifers. 
Palms,  lilies,  aloea,  rushes,  grass- 


f  A.  Erongniart,  Vegct.  Pose.  Diet.  Univ.  p.  Ill,  1640. 
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If  we  pass  to  the  American  continent,  we  find  in  the  state  of  New 
Jersey  a  series  of  sandy  and  argillaceous  beds  wholly  unlike  our  Upper 
Cretaceous  system ;  which  we  can,  nevertheless,  recognize  as  referable, 
paleontologieally,  to  the  same  division. 

That  they  were  about  the  same  age  generally  as  tto  European  chalk 
and  greenaand,  was  the  conclusion  to  which  Dr.  Morton  and  Mr.  Conrad 
came  after  their  investigation  of  the  fossils  in  1834.  The  strata  consist 
chiefly  of  greensand  and  green  marl,  with  an  overlying  coralline  hme- 
sfone  of  a  pale  yellow  color,  and  the  fossils,  on  the  whole,  agree  most 
nearly  with  those  of  the  upper  European  aeries,  fi'om  the  Maestiicht  beds 
to  the  gault  inclusive.  I  collected  sixty  shells  from  the  New  Jersey 
deposits  in  1841 ;  five  of  which  were  identical  with  European  spedes — 
Ostrea  larva,  0.  vesicularis,  Gryphwa  eostala,  Pecten  quinque-emtatus, 
BeUmnites  mueronatus.  As  some  of  these  have  the  greatest  vertical 
range  in  Europe,  they  might  be  expected  more  than  any  others  to  recur 
in  distant  parte  of  the  globe.  Even  where  the  species  are  diiferent,  the 
generic  forms,  such  a&  ^e  Baculit«  and  certain  sections  of  Ammonites, 
as  aJso  the  Inoeeramus  (see  above,  fig.  208)  and  other  bivalves,  have  a 
deddedly  cretaceous  aspect.  Fifteen  out  of  the  sixty  shells  above  alluded 
to,  were  regarded  by  Professor  Forbes  as  good  geographical  representa- 
tives of  well-known  cretaceous  fossils  of  Europe.  The  correspondence, 
therefore,  is  not  small,  when  we  reflect  that  the  part  of  the  United  States 
where  th^e  strata  occur  is  between  3000  and  4000  miles  distant  from 
the  chalk  of  Central  and  Nortliern  Europe,  and  that  there  is  a  difierence 
of  ten  degrees  in  the  latitude  of  the  places  compared  on  opposite  sides 
of  the  Atlantic* 

Fish  of  the  genera  iMitma,  Galeus,  and  Carckaiias  ai'e  common  to 
New  Jersey  and  the  European  cretaceous  roelffl.  So  also  is  the  genus 
MosasaUTUs  among  reptiles,  and  Pliumurm  (Owen),  another  saurian 
likewise  obtmned  icora  tie  English  chalk.  From  New  Jersey  the  creta- 
ceous formation  extends  soutiiwards  to  North  Carolina,  Georgia,  and 
Alabama,  cropping  out  at  intervals  from  beneath  the  tertiary  strata, 
between  the  Appalachian  Mountains  and  the  Atlantic  They  then  sweep 
round  the  southern  extremity  of  that  chain,  and  streteh  northwards 
again  to  Tennessee  and  Kentucky.  They  have  also  been  traced  far  up 
the  valley  of  the  Missouri  2V5  English  miles  above  its  mouth  to  the 
neighborhood  of  Fort  Leavenworth  ;  and  southwards  to  Texas,  accoi'ding 
to  the  observations  of  Ferdinand  Eoemer ;  so  that  already  the  area  which 
they  are  ascertained  to  occupy  in  North  America  may  perhaps  equal 
their  extent  in  Europe.  So  littie  do  they  resemble  mineralo^eally  the 
European  white  chalk,  that  limestone  in  North  America  is,  upon  the 
whole,  an  exception  to  the  rule ;  and,  even  in  Alabama,  where  I  saw  a 
calcareous  member  of  this  group,  the  mari-stones  are  much  more  like  the 

■*  See  a  piipci-  by  flic  aufJior,  Quart  Joura.  Geol.  Sue,  voL  i.  p.  66. 
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English  and  French  Lias  than  any  other  secondary  deposit  of  the  Old 
World. 

At  the  base  of  the  system  in  Alabama  I  found  dense  masses  of  shin- 
gle, perfectly  loose  and  iinconsolidated,  derived  from  the  waste  of  paleo- 
zoic (or  carboniferous)  rocks,  a  mass  in  no  way  distjngiiishahle,  except 
hy  its  position,  from  ordinary  alluvium,  hut  covered  with  marls  abound- 
ing in  Inocerami. 

In  Texas,  according  to  F.  EOmer,  the  chalk  assumes  a  new  litliolo^cal 
type,  a  large  portion  of  it  consisting  of  hard  siliceous  limestone,  but  the 
organic  remains  leaving  no  doubt  in  regard  to  its  age. 

In  South  America  the  cretaceous  strata  have  been  discovered  in  Co- 
lombia, as  at  Bogota  and  elsewhere,  containing  Ammonites,  Hamites, 
Inocerami,  and  other  characteristic  shells.* 

In  the  South  of  India,  also,  at  Pondicherry,  Verdachellum,  and  Trin- 
conopoly,  MesaiB.  Kaye  and  Egerton  have  colleeteii  fossils  belonging  to 
the  cretaceous  system.  Tafeen  in  connection  with  those  from  the  United 
States,  they  prove,  says  Prof.  E.  Forbes,  that  those  powerful  causes  which 
stampeda  peculiar  character  on  the  forms  of  .marine  animal  hfe  at  this 
period,  exerted  their  fiill  intensity  through  the  Indian,  European,  and 
American  seas.f  Here,  as  in  North  and  South  Aiherica,  the  cretaceous 
character  can  be  recognized  even  where  there  is  no  specific  identity  in 
the  fossils ;  and  the  same  may  he  said  of*  the  oiganic  type  of  those  rocks 
in  Europe  and  India  which  succeed  next,  in  the  ascending  and  descend- 
ing order,  the  Eoceae  and  the  Oolitic. 


CHAPTER   XVIH. 

I    GKOUP. 


The  Wealden  diviaible  into  Weald  Clay,  Hastinga  Sand,  and  Purbeck  Beda— In 
terealated  between  two  marine  formationa — Weald  elay  and  Gyprif.  bearing 
strata — Iguanodon— Hastings  sands — Fossil  flsb — Strata  formed  in  ehalluw 
water — Braokisb  water-bods — Upper,  middle,  and  lower  Pnrbeok— Alternations 
of  brackisli  water,  freshwater,  and  land — Dirt-bed,  or  ancient  soil— Distinct 
species  of  fossils  in  each  aubdivision  of  the  Wealden — Lapse  of  time  implied — 
Plants  and  insects  of  Wealden— Geographical  extent  of  Wealden — Its  relation 
to  the  cretaceous  and  oolitic  periods — Movements  in  the  earth's  ci  att  to  which 
it  owed  its  origin  and  snbmergenee. 

Beneath  the  cretaceous  rooks  in  the  S.  E.  of  England,  a  fi-estwafer 
foiTnation  is  found,  called  the  Wealden  (sea  Wos.  5  and  6,  Map,  p.  242), 
which,  although  it  occupies  a  small  horiaoutal  area  in  Europe,  as  com- 
pared to  the  chalk,  is  nevertheless  of  great  geological  interest,  not  only 
from  its  position,  as  being  interpolated  between  two  great  marine  formar 

*  Proceed.  Geol.  Soc.  iv.  p.  391. 

f  See  Forbes,  Quart.  GeoL  Journ.  vol.  i.  p.  79. 
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tions  (Noa.  V  and  9,  Table,  p.  103),  but  also  because  the  imbedded  fcssils 
indicate  a  grand  succession  of  clianges  in  oiganic  life,  effected  during  its 
accumulation.  It  is  composed  of  three  minor  divisions,  the  Weald  Clay, 
the  Hastings,  and  the  Purbeck  Beds,  of  which  the  aggregate  thickness 
in  some  districts  may  be  700  or  800  feet ;  but  wbidi  would  be  much 
more  considerable  (perhaps  2000  feet),  were  we  to  add  together  the  ex- 
treme thickness  acquired  by  each  of  them  in  their  fullest  development. 

The  common  name  ofWealden  was  given  to  the  whole,  because  it 
was  &st  studied  in  parts  of  Kent,  SmTey,  and  Sussex,  called  the  Weald 
(see  Map,  p.  242),  and  we  are  indebted  to  Dr.  Mantell  for  having  shown 
in  1822,  in  his  Geology  of  Sussex,  that  the  whole  group  was  of  fJuviatile 
origin.  In  proof  of  this  he  called  attention  to  the  entire  absence  of  Am- 
monites, Belemnites,  Terebratulag,  Echinites,  Corals,  and  other  marine 
fossils,  so  characte    t      ttl         taeu         ksab  dftlOlt 

strata  below,  and  to  th  p  es  n  t  Palud  -e  M  Ian  ■e  d  n  is 
fluviatile  shells,  as  w  11  as  th  V  nes  ft  t  1  jtl  nltl  t  t 
and  leaves  of  land  plants 


The  evidence  of  so  unexpected  a  fact  as  the  infra-position  of  a  dense 
mass  of  pm'ely  freshwater  origin,  to  a  deep-sea  deposit  (a  phenomenon 
witb  which  we  have  since  become  familiar,  in  other  chapters  of  the  earth's 
autobiography),  was  received,  at  first,  wiUi  no  small  doubt  and  incredu- 
lity. But  the  relative  position  of  the  beds  is  unequivocal ;  the  Weald 
Clay  being  distinctly  seen  to  pa.'!S  beneath  the  Greenaand  in  various  parts 
of  Surrey,  Kent,  and  Susses ;  and  if  we  proceed  from  Sussex  westward 
to  the  Vale  of  Wardour,  we  there  again  observe  the  same  formation,  or, 
at  least,  the  lower  division  of  it,  the  Purbeck,  occupying  the  same  rela- 


tive position,  and  resting  on  the  Oolite  (see  fig.  228).  Or  if  we  pass 
from  the  base  of  the  South  Downs  in  Susses,  and  cross  to  the  Isle  of 
Wight,  we  there  again  meet  with  the  Wealden  series  reappearing  be- 
neath the  Greensand,  and  cannot  doubt  that  the  beds  are  prolonged  sub- 
terraneously,  as  indicated  by  the  dotted  lines  in  fg.  229. 
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The  minor  groups  into  whicli  the  WeaJden  has  been  commonly 
divided  ia  England  are,  as  before  stated,  fhiee  and  they  succeed  eiJi 
other  in  the  following  de^oending  oidei  — -* 

Thickness. 

Ist.  Weald  Clay   sometimes  uicliidiiig  tliin  beds  of  sand  and 

ahellj  liraeatone  im  to  280  It. 

2d.  Haating  Sand   tn  which  occur  some  olaja  and  ealcarecus 

gi'its,      -  400  to  500  ft, 

8d.  Purfaeck  Beds  consiatmg  of  vanoua  kinds  of  lunesiones  and 

marls,      -  160  to  "00  ft. 

Weald  Clay. 

The  first  division,  or  Weald  Clay,  is  of  purely  freshwatei'  origin.  The 
uppermost  beds  are  not  only  conformable,  as  Dr.  Fitton  olsserves,  to  the 
inferior  strata  of  the  Lower  Greensand,  but  of  similar  mineral  composi- 
tion. To  explain  this,  we  may  suppose,  that  as  the  delta  of  a  great 
river  was  tranquilly  subsiding,  so  as  to  allow  the  sea  to  encroach  upon 
the  space  previously  occupied  by  freshwater,  the  river  still  continued  to 
cany  down  the  same  sediment  into  the  sea.  In  confirmation  of  this 
view  it  may  be  stated,  that  the  remains  of  the  Iguanod<m,  ManleUi,  a 
gigantic  terrestrial  reptile,  very  diaracteristic  of  the  Wealden,  baa  been 
discovered  near  Maidstone,  in  the  overlying  Kentish  rag,  or  marine  lime- 
stone of  the  Lower  Greensand,  Hence  we  may  infer  that  some  of  the 
saurians  which  inhabited  the  country  of  the  great  river  continued  to  live 
when  part  of  the  country  had  become  submerged  beneath  the  sea.  Thus, 
in  our  own  times,  we  may  suppose  the  bones  of  lat^e  alligators  to  be 
frequently  entombed  in  recent  freshwater  sti'ata  in  the  delta  of  the  Gan- 
ges.  But  if  part  of  that  delta  should  sink  down  so  as  to  be  covered  by 
the  sea,  marine  formations  might  begin  to  accumulate  in  the  same  space 
where  freshwater  beds  had  previously  been  formed ;  and  yet  the  Ganges 
might  still  pour  down  its  turbid  waters  m  the  same  direction,  and  carry 
seaward  the  carcasses  of  the  same  species  of  alligator,  in  whidi  case 
their  bones  might  be  included  in  marine  as  well  as  in  subjacent  fresh- 
water strata. 

The  Iguanodon,  first  discovei'ed  by  Dr.  Mantell,  has  left  moie  of  its 
remains  in  the  Wealden  strata  of  the  southeastern  counties,  and  Isle  of 
Wight,  than  any  other  genus  of  associated  saurians.  It  was  an  her- 
bivorous reptile,  and  regarded  by  Cuvier  as  more  extraordinary  than  any 
with  which  he  was  acquainted  ;  for  the  teeth,  though  bearing  a  great 
analogy  to  the  modem  Iguanas  which  now  frequent  the  tropical  woods 
of  America  and  the  West  Indies,  exhibit  many  striking  and  important 

*  Dr.  Fitton,  Geol.  Trana.  vol.  iy.  p.  320.    Second  Series. 
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differences  (see  fig.  230),  It  appears  tliat  tiiey  have  been  worn  by  mas- 
tication ;  whereas  the  existing  herbivorous  reptiles  clip  and  gnaw  off  the 
vegetable  productions  on  which  they  feed,  but  do  not  chew  them.  Their 
teeth,  when  worn,  present  an  appearance  of  having  been  chipped  off,  and 
never,  like  the  fossil  teeth  of  the  Iguanodon,  have  a  flat  ground  surface 
(  flg  31)  embl  g  th 
Fig.2m  gn  d  rs   t  h    b  mm 

mah  Di  M  ntell  comp  tes 
fj  t  th  teeth  d  bon  f 
thj     mm  iwh  hh       passed 


nty 


d  t     t    nd     d 


aryi  g      ^ 


i  I 


th        ptl    J    t 

jo^ge-mmai.  (Moi.  M        )  I  ist  fi-  n  til      gg  to  f 

which  tKe  femui  measured  24  mchea  m  urcumteieni,e.  let  notnith 
standing  that  the  teeth  were  more  numerous  than  any  other  bones,  it  is 
remartabie  that  it  was  not  till  the  rehcs  of  all  these  individuals  had 
been  found,  that  a  solitary  example  of  part  of  a  jaw-bone  was  obtained. 
More  recently  remains  both  of  the  upper  and  lower  jaw  have  been  met 
with  in  the  Hastings  Beds  in  Tilgate  Forest.  Their  size  was  somewhat 
greater  than  had  been  anticipated,  and  even  allowing  that  the  tail  was 
short,  which  Professor  Owen,  infers  trom  the  short  boiiea  ot  th?  caudal 
verf«br«.  Dr.  Mantel!  estimates  the  jr  b^blo  length  of  some  ot  these 
saurians  at  between  30  and  40  feet  The  lirge  t  feniui  yet  found  mea- 
sures 4'feet  8  inches  in  length,  the  arcumterence  of  the  si"  aft  being  25 
inches,  and  round  the  condyles  42  inches 

Occasionally  bands  of  lunestone,  cilled  Sussex  Marl  le  occur  in  the 
Weald  Clay,  almost  entirely  composed  of  a  spe  cs  of  PaJu  hna  c!>sely 
resembling  the  common  P.  vivipari  of  Enghah  iners 

Shells  of  the  CyprU,  an  aqimal  belonging  to  the  Cr  istacea  and  before 

Figi  iK3.  Fig  S33  F     9M. 


mentioned  (p  81)  is  abounding  in  lakes  nd  ]  ond'i, 
are  also  plentiftilly  scattered  Ihr  gh  the  chys  of 
sometimes  produdng,  like  the  plates 
of  mica,  a  thin  lamination  (see  fig,  235).  Similar 
cypriferoTis  marls  are  found  in  the  lacustrine  t«rtiar_\ 
beds  of  Auvergne  {see  above,  p.  188), 
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Hastings  Scmds. 

This  middle  division  of  the  Wealden  eonaista  of  satitl,  calciferoua  grit, 
clay,  and  shale  :  the  argillaceous  strata,  notwithstanding  the  name,  be- 
ing nearly  in  the  same  proportion  as  the  arenaceous  The  calcareous 
sandstone  and  grit  of  'Klgate  Forest,  near  Cuekfidd,  m  which  the  re- 
mans of  the  Iguanodon  and  Hyleosaums  were  first  found,  constitute 
an  upper  member  of  this  formation.  The  white  "  sand  lock"  of  the 
Hastings  chfls,  about  100  feet  thick,  is  one  of  the  lower  members  of  the 
same.  The  reptiles,  which  are  very  abundant  in  it,  consist  partly  of 
saurians,  already  referred  by  Oweu  and  Mantell  to  eight  genpr^,  among 
whidi,  besides  those  already  enumerated,  we  find  the  Megilosauius  and 
Plesioaaurus.  The  Pterodactyl,  also  a  flying  reptile,  is  met  with  m  the 
aame  strata,  and  many  remains  of  Testudinata  of  the  genera  Trtoynx 
and  Emya,  now  confined  to  tropical  regions. 

The  fishes  of  the  "Wealden  belong  partly  to  the  geaerA  PycTwdfis  and 
Hyhodus  (see  figure  of  genus  in  Chap.  XXL),  forms  common  to  the 
Wealden  and  Oolite ;  but  the  teetli  and  scales  of  a  species  of  Zepidot-us 
are  most  widely" diffused  (see  fig.  236).     The  general  form  of  these  fish 


was  that  of  the  carp  tribe,  although  perfectly  distinct  in  anatomical  char: 
acter,  and  more  allied  to  the  pike.  The  whole  body  was  covered  with 
iaige  rh  mho  dal  scales  ery  th  k,  and  having  the  exposed  part  covered 
w  fh  enamel  Most  of  the  spec  ea  of  this  genua  are  supposed  to  have 
bee  e  tl  er  ver  fish  or  nhab  tants  of  the  coasts,  having  not  suificient 
po  vers  of  swm  m  ng  to  a  1  an  e  nto  the  deep  sea. 

The  shells  ot  tl  e  Hast  ngs  beds  belong  to  the  genera  Melanopiis, 
Melan  a    Pal  dna    Oy  ena    Cyclas,  Unio,  and  others,  which  inhabit 
n  era  or  lakes ;  but  one  band  has  been 
f    nd  in  Dorsefshire  indicating  a  brackish 
te  of  the  water,  and,  in  some  places, 
e    n  a  aaltness,  like  that  of  the  sea,  where 
tl  e  genera  Corbula  (see  fig.    237),  Mi/- 
i  lus,  and    Ostrea    occur.      At    different 
a>Bf*»itfi7.n  Fiton.  Mognifiei       h  ghts  in  the  Hastinga  Sand,  in  the  mid- 
lie  of  the  "Wealden,  we  find  again  and 
1  ]     s     f        1   o  1       strong  tipple-mark,  and  between  these 
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elaba  beds  of  clay  many  yards  tMek.  In  some  places,  as  at  Stammer- 
ham,  near  Horstam,  there  are  indications  of  this  clay  having  been  ex- 
posed so  as  to  dry  and  crack  before  the  nest  layer  was  thiwvn  down 
upon  it.  The  open  cracks  in  the  day  have  served  as  moulds,  of  which 
casts  have  been  taken  in  I'elief,  and  which  are,  therefore,  seen  on  the 
lower  surfe.ce  of  the  sandstone  (see  fig.  238). 


/ 


7      . 

■    / 


\ 


!Near  the  same  place  a  leddiJi  s.indatone  occurs  in  which  are  innu- 
merable tiaces  of  a  fossil  vegetable,  apparently  Sphmopieris,  the  steins 
and  branches  of  which  are  disposed  as 
if  the  plants  were  standing  ereet  on  the 
spot  where  they  originally  gi'ew,  the 
sand  having  been  gently  deposited  npon 
and  around  them ;  and  similar  appear- 
lave    been   remarked  in  other 
n  this  formation,*     In  the  same 
division  also  of  the  Wealden,  at  Cuek- 
field,  is  a  bed  of  gravel  or  conglomer- 
a^rtsnopieHs  irra^is  (Futon),  from  near  ■  ate,  consisting  of  water-worn  pebbles  of 
«.  ForUon  of  tjia  Mme  m^mrf.         quarta  and  jasper,  witJi  rolled  bones  of 
reptiles.     These  ninst  have  been  drifted 
by  a  current,  probably  in  water  of  no  great  depth. 

From  such  fects  we  may  infer  that,  notwithstanding  the  gi'eat  thick- 
ness of  this  division  of  the  Wealden  (and  the  same  observation  applies 
to  the  "Weald  Clay  and  Purbeek  Beds),  the  whole  of  it  was  a  deposit 
in  wafer  of  a  moderaf*  depth,  and  often  extremely  shallow.  This  idea 
may  seem  startling  at  first,  yet  such  would  be  the  natural  consequence 
of  a  gradual  and  continuous  sinking  of  the  ground  in  an  estuary  or 
bay,  into  which  a  great  river  discharged  its  turbid  waters.  By  each 
foot  of  subsidence,  the  fundamental  rock,  such  aa  the  Portland  Oolite, 
would  be  depressed  one  foot  farther  from  the  surface ;  but  the  bay  would 
*  Mantall,  Geol.  of  a  K  o(  England,  p.  244. 
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not  be  deepened,  if  newly  deposited  mtid  and  sand  should  raise  the 
bottom  one  foot.  On  the  contraiy,  such  new  strata  of  sand  and  mud 
might  be  frequently  laid  dry  at  low  water,  or  overgrown  for  a  season  by 
a  vegetation  proper  to  marshes. 

Purheck  Beds. 

Immediately  below  the  Hastings  Sands  we  find  a  series  of  calcai'eous 
slates,  marls,  and  limestones,  called  the  Purbeck  Beds,  because  well  ex- 
posed to  view  in  the  sea-c!iffi  of  the  Peninsula  of  Piu'bect,  especially  in 
Durlestone  Bay,  near  Swanage.  They  may  also  be  advantageously 
stndjed  at  Lulivorth  Cove  and  the  neighboring  bays  between  Weymouth 
and,  Dorchester.  At  Meup's  Bay  in  particular.  Prof.  E.  Forbes  has 
recently  examined  minutely  the  organic  remains  of  the  three  members  of 
the  Purbeck  group,  displayed  there  in  a  veitical  section  155  feet  thick. 
To  the  information  previously  supplied  in  the  works  of  Messrs.  Webster, 
Fitton,  De  la  Beche,  Buckland,  and  Mantell,  he  has  made  most  ample 
and  important  additions,  so  that  it  will  be  desirable  to  give  them  at 
some  length,  it  appearing  that  the  Upper,  Middle,  and  Lower  Purbecks 
are  each  marked  by  peculiar  species  of  organic  remains,  these  again  being 
different,  so  far  as  a  comparison  has  yet  been  instituted,  from  the  fossils 
of  the  overlying  Hastings  Sands  and  Weald  Clay,  This  result  cannot 
fail  to  excite  much  wonder,  and  it  leads  us  to  snspect  that  the  Wealden 
period,  which  many  geologists  have  scarcely  deigned  to  notice  in  their 
classification,  may  comprehend  the  history  of  a  lapse  of  time  as  great  as 
that  of  the  Oolitic  or  Cretaceous  eras  respectively.* 

Upper  Purbeck. —  The  highest  of  the  three  divisions  is  purely  fresh- 
water, the  strata,  about  50  feet  in  thickness,  containing  shells  of  the 
genera  Paludima,  Ph^sa,  Zymnea,- Plamrbis,  Valvata,  Cyclas,.BxiA 
Vnio,  with  cyprides,  and  fish. 

Middle  Purbeck. — To  these  succeed  the  Middle  Purbeck,  about 
30  feet  thick,  the  uppermost  part  of  which  consists  of  freshwater  lime- 
stone, with  cyprides,  turtles,  and  fish  of  different  species  from  those  in 
the  preceding  sti'ata.  Below  the  limestone  are  brackish-water  beds 
full  of  Cyrena,  and  traversed  by  bands  abounding  in  Corvulix  and 
Melanice.  These  are  based  on  a  purely  marine  deposit,  with  Pecten, 
Modiola,  Avicula,  and  Tkracia,  all  undesciibed  shells.  Below  this, 
again,  come  limestones  and  shales,  partly  of  brackish  and  partly  of 
freshwater  origin,  in  which  many  fish,  especially  species  of  Iiepidotas 
and  Mierodon  radiatus,  are  found,  and  a  reptile,  named  Macrorhyncua. 
Among  the  moUusks,  a  remarkable  libbed  Melania,  of  the  section  Chi- 

Immediately  below  is  the  great  and  conspicuous  stratum,  12  feet 
thick,  long  fiimihar  t£  geologi'sts  under  tlie  local  name  of  "  Cinder-bed," 
formed  of  a  va  t  ac  umul  tion    f  shells  of  Ostrea  distoi-ta  (fig.  240). 

*  On  the  Doraot  1    c  Pu  l>e  Ls  by  P  uf  L   Forlas,  Edinb.  Brit.  Assoc.  Aug. 
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In  the  uppeimost  part  of  tliis  bwl  Mr.  Forbes 
discovered  the  fii'st  echinoderm  as  yet  known  in 
'tiie  PuiTjeck  aeries,  a  species  of  Hemicidaris,  a  ge- 
nus characteristic  of  tie  Oohtic  period.  It  was 
accompanied  by  a  species  of  Pema.  Below  tlio 
Cinder-bed  freshwater  strata  are  again  seen,  filled 
in  many  plaeea  with  apedes  of  Cypris,  Valvata, 
Palvdina,  Planorhis,  Lymnm,  Physa,  and  Cydas,  all  different  Irom 
any  we  Lad  previously  seen  above.  Thick  ailiceous  beds  of  chert,  filled 
with  these  fossils,  occur  in  a  beautiftd  state  of  preservation,  often  con- 
verted into  chalcedony.  Among  these  Mr.  Forbes  met  with  gyrogocitea 
(the  spore  vesides  of  Charm),  plants  never  before  discovered  in  rocks 
older  tban  the  Eocene.  Again,  beneath  tiese  freshwater  strata,  a  very 
thin  hand  of  greenish  shales,  with  marine  shells  and  impressions  of 
leaves,  like  those  of  a  large  Zostera,  sueeeeda,  forming  tlie  base  of  the 
Middle  Purbeck. 

Lower  Purhech. — Beneath  the  thin  marine  band  lastraentioned,  pure- 
ly freshwater  marls  occur,  containing  species  of  Cypris,  Valvata,  and 
Lymnea,  different  from  those  of  the  Middle  Purbeck.  This  is  the  be- 
ginning of  the  Inferior  division,  which  is  about  80  feet  thick.  Below 
tlie  marls  are  seen  more  tlian  thirty  feet  of  braokish-water  beds,  at 
Meup's  Bay,  abounding  in  a  species  of  Serpula,  alhed  to,  if  not  identical 
with,  Serpula  coaeervites,  found  in  the  Wealden  of  Hajiover.  There, 
aie  also  shells  of  the  genus  Bissoa  (of  the  auhgenns  Sydrdbia),  and  a 
little  Cm-dium  of  the  aubgeme  Protocardium,  in  the  same  beds,  together 
with  Cypris.  Some  of  the  cypris-bearing  shales  are  strangely  contorted 
and  broken  up,  at  the  weat  end  of  the  isle  of  Purbeck.  The  great  dirt- 
bed  or  vegetable  soil  containing  tlie  roots  and  stools  of  Oycadece,  which 
I  shall  presently  describe,  underlies  these  marls,  resting  upon  the  lowest 
Ireshwater  limestone,  a  rock  about  8  feet  thick,  containing  Cydades, 
Valvata,  and  Lymnea,  of  the  same  species  as  those  of  the  uppei'most 
part  of  the  Lower  Purbeck.  This  rock  resta  upon  the  top  beds  of  the 
Portland  atone,  which  is  purely  marine,  and  between  which  and  the 
Purbecks  there  is  no  passage. 

The  most  remarkable  of  all  the  varied  successions  of  beds  enumerated 
in  the  above  list,  is  that  called  by  the  quarrymen  "the  dirt,"  or  "black 
dirt,"  which  was  evidently  an  andent  vegetable  soO.  It  is  from  12  to 
18  inches  thick,  ia  of  a  dark  brown  or  black  color,  and  contains  a  large 
proportion  of  earthy  lignite.  Through  it  are  dispersed  rounded  frag- 
ments of  stone,  from  3  to  9  inches  in  diameter,  in  such  numbers  tiat  it 
almost  deserves  the  name  of  gravel.  Many  sihcified  trunks  of  coniferous 
trees,  and  the  remains  of  plants  allied  to  Zamia  and  Oyca^,  are  buried  in 
this  dirt-bed  (see  figure  of  living  Zamia,  fig.  241). 

These  plants  must  have  become  fossil  on  the  spots  where  they  grew. 
Tlie  stumpa  of  the  trees  stand  erect  for  a  height  of  from  1  to  3  feet,  and 
even  in  one  instance  to  C  feet,  with  their  roote  attadied  to  the  soil  at 
about  the  same  distances  from  one  anotliev  as  the  trees  in  a  modem 
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forest.f  The  taihon  iceoua  matter  is  most  abundant  id  n  c  liiitely  around 
the  stumps,  aad  lound  the  remims  of  fossil  Cymdecp  \ 

Besides  the  upright  stumps  above  mentioned,  the  dirt-bed  contMns  the 
stems  of  sihdfied  trees  laid  prostrate.  These  are  partly  sunk  into  the 
black  earth,  and  partly  enveloped  by  a  calcareous  slaf*  which  covers  the 
dirt-bed.  The  fragments  of  the  prostrate  trees  are  rarely  more  than  ,3 
or  4  teet  in  length ;  but  by  joining  many  of  ttem  together,  trunks  have 
been  restored,  having  a  length  from  the  root  to  the  branches  of  fi'om  20 
to  23  feet,  the  stems.being  nndivided  for  17  or  20  feet,  and  then  forked. 
The  diameter  of  these  near  the  roots  is  about  1  foot.g  Root-shaped  cav- 
ities were  observed  by  Professor  Henslow  to  descend  from  the  bottom  of 
the  dirtrbed  into  tlie  subjacent  freshwater  stone,  whidi,  thoagh  now 
solid,  must  have  been  in  a  soft  and  penetrable  state  when  the  ti'ees  grew,|| 

The  thin  layers  of  calcareous  sl^  (fig.  242)  were  evidently  deposited 
tranquilly,  and  would  have  been '  hoiizontal  but  for  the  protrusion  of 


thp  stumps  of  the  trees   aio  md  the  top    f  Pich  of  which  tliey  fi 
hemispherical  concretions 

*  See  Fhnder  a  \  oyage 

f  Mr.  "Webster  first  noticed  the  erect  position  of  tlie  trees  and  described  the 
Dirt-bed. 

X  Fitton,  GeoL  Trans.  Second  Serios,  vol.  iv.  pp.  320,  331. 

§  Fitton,  ibid. 

\  Buokland  and  De  la  Beche,  QeoL  Trajis.  Second  Series,  vol.  iv.  p.  16.  Mr. 
Forbes  has  ascertained  that  the  subjacent  rock  is  a  freshwater  limestone,  and  not 
a  portion  of  the  Portland  oolite,  as  was  previously  imagined. 
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Thij  dirt-bed  is  by  no  means  confined  to  tbe  island  of  Portland,  where 
it  has  been  most  care&Uy  studied,  but  is  seen  in  the  same  relative  posi- 
tion in  the  chfe  east  of  Lulworth  Cove,  in  Dorsetshire,  where,  as  the 
strata  have  been  disturbed,  and  are  now  inclined  at  an  angle  of  45°,  the 
stamps  of  the  trees  are  also  inclined  at  ihe  same  angle  ii 
direction— a  beautiful  illusti'at  o  of  a  chan^-"  n  the  position  of  b 
originally  horizontal  {see  fig     43)     Tiaces  of  the  h  i-bed  have  f 


I  by  Dr.  Buckland,  about  two  miles  north  of  Thame,  in 
Oxfordshire ;  and  by  Dr.  Pitton,  in  the  cliffs  of  the  Boulonnois,  on  tJie 
French  coast ;  but,  as  might  be  expected,  this  freshwater  deposit  is  of 
limited  extent  when  compared  to  most  marine  formations. 

From  the  facts  above  desciibed,  we  may  infer,  first,  that  the  superior 
beds  of  the  Oolite,  called  "  the  Portland,"  which  are  fiill  of  marine  sheila, 
were  overspread  with  fluviatiie  mud,  which  became  dry  land,  and  covered 
by  a  forest,  throughout  a  portion  of  the  space  now  occupied  by  the 
south  of  England,  the  climate  being  such  as  to  admit  the  growth  of  the 
Zamm  and  0>/cas.  2dly.  This  land  at  length  sant  down  and  was  sub- 
merged -with  its  forests  beneath  a  body  of  fresh  water,  from  which  sedi- 
ment was  thrown  down  enveloping  fluviatiie  shells.  3dly.  The  regular 
and  unifoim  preseiiration  of  this  thin  bed  of  bladt  earth  over  a  distance 
of  many  miles,  shows  that  the  change  from  dry  land  to  the  state  of  a 
fi^hwater  laie  or  estuary,  was  not  accompanied,  by  any  violent  denuda- 
tion, or  rush  of  water,  since  the  loose  black  earth,  together  with  the  trees 
which  lay  prostrate  on  its  surface,  must  inevitably  have  been  swept  away 
had  any  such  violent  catastrophe  then  taken  plaee. 

The  dirt-bed  has  been  described  above  in  its  most  simple  form,  but  in 
some  sections  the  appearances  are  more  comphcated.  The  forest  of  the 
dirt-bed  was  not  everywhere  the  first  vegetation  which  grew  in  this 
r(^on.  Two  other  beds  of  carbonaceous  clay,  one  of  them  containing 
Oycadem,  in  an  upright  position,  have  been  found  below  it,  and  one 
above  it,*  which  implies  othei'  oscillations  in  the  level  of  the  same  ground, 
and  its  alternate  occupation  by  land  and  water  more  than  once. 

»  E.  Forbos,  ibid. 
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Ta})le  slwwinff  the  changes  of  medium  in  which  the  sftata  -rneie  fmmed, 
from  the  Lower  Gremsand  to  the  Puttland  Stone  mcluitvt,  in  the 
south-^ast  of  Enghnd. 


-Lower  Purbeck. 


The  annexed  tatular  view  will  enable  the  reader  to  tate  in  at  a  glance 
tie  successive  changes  from  sea  to  river,  and  from  rivor  to  sea,  or  from 
these  again  to  a  state  of  land,  which  have  occurred  in  this  part  of  Eng- 
land between  the  Cretaceous  and  Oolitic  periods.  That  there  have  been 
at  least  four  changes  in  the  species  of  testacea  during  the  deposition  ai 
the  Wealden,  seens  to  follow  from  the  observations  recently  made  by- 
Professor  E,  Forbes,  so  that,  should  we  hereafter  find  the  signs  of  many 
more  alternate  oecupationa  of  tlie  same  area  by  different  elements,  it  is 
no  more  than  we  might  espect.  Even  during  a  small  part  of  a  zoologi- 
cal period,  not  sufficient  to  allow  time  for  many  species  to  die  out,  we 
find  that  the  same  area  has  been  laid  dry,  and  then  submerged,  and  then 
agMn  laid  dry,  as  in  the  deltas  of  the  Po  and  Ganges,  the  history  of  which 
has  been  brought  to  light  by  Artesian  borings.*  We  aJso  know  that 
similar  revolutions  have  occurred  within  the  present  century  (1819)  in 
the  delta  of  the  Indus  in  Cutch,f  where  land  lias  been  laid  permanently 
under  the  waters  both  of  the  river  and  sea,  without  its  soil  or  shrubs 
having  been  swept  away.  Even,  independently  of  any  vertical  move- 
ments of  the  ground,  we  see  in  the  prindpal  deltas,  such  as  that  of  the 
Mississippi,  that  the  sea  extends  its  salt  waters  annually  for  many  months 
over-  considerable  spaces,  which,  at  other  seasons,  are  occupied  by  the 
rivei'  during  its  inundations. 

It  will  be  observed  that  the  division  of  the  Puibects  into  upper,  mid- 
dle, and  lower,  has  been  made  by  Professor  E.  Forbes,  strictly  on  the 
principle  of  the  entire  distjnofness  of  the  species  of  organic  remains 
which  they  include.  The  lines  of  demarcation  are  not  lines  of  disturb- 
ance, nor  indicated  by  any  stiiMng  physical  characters  or  mineral 
changes.  The  features  which  attract  the  eye  in  the  Purbecks,  such  as 
the  dirt-beds,  the  dislocated  strata  at  Lulworth,  and  the  Cinder-bed,  do 
not  indicate  any  breaks  in  the  distribution  of  organized  beings.  "The 
causes  which  led  to  a  complete  change  of  hfe  ^ree  times  during  the 
deposition  of  the  freshwater  and  brackish  strata  must,"  says  this  natural- 
ist, "  be  sought  for,  not  simply  in  either  a  rapid  or  a  sudden  change  of 


*  See  Prineiplea  of-GeoL  8th  cd.  pp.  260-208. 


1.  p.  443. 
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their  area  into  land  or  sea,  but  in  ike  great  lapse  of  time  which  inteiTened 
between  the  epochs  of  deposition  at  certain  periods  during  their  formaljon." 
Each  dirt-hed  may,  no  douht,  be  the  memorial  of  many  thousand 
yeare  or  centuries,  hecause  we  find  that  2  or  3  feet  of  vegetable  soil  is 
the  only  monument  which  many  a  tropical  forest  has  left  of  Us  exktence 
ever  since  the  ground  on  which  it  now  stands  was  firat  covei'ed  with  its 
shade.  Yet,  even  if  we  ima^ned  the  fossil  soils  of  the  Lower  Purheck 
to  represent  as  many  ages,  we  need  not  expect  on  that  account  to  find 
them  constituting  the  Imes  of  separation  between  successiye  strata  char- 
aeterized  by  different  zoological  types.  The  preservation  of  a  layer  of 
v^table  soil,  when  in  the  act  of  being  submerged,  must  be  regarded  as 
a  rare  exception  to  a  general  nile.  It  is  of  so  perishable  a  nature,  that 
it  must  usually  be  carried  away  by  the  denuding  waves  or  currents  of 
the  sea  or  by  a  river ;  and  many  diitrheds  were  probably  formed  in  suc' 
cesdon,  ajid  annihilated  in  the  Wealden,  besides  those  few  which  now 

The  plants  of  the  Wealden,  so  for  as  our  knowledge  extends  at  pres- 
ent, consist  chiefly  of  Feras,  Coniferte  (see  fig.  244),  and  Cycadeie,  with- 
Fig.  an.  '"^''  ^"ly  exogens ;  the  whole  more  allied  to  the  Oolitic 

than  to  the  Cretaceous  vegetation,  although  some  of 
the  species  seem  to  be  common  to  the  chalk.  But 
the  vertebrate  and  invertebrate  animals  indicate,  in 
like  manner,  a  relationship  to  both  these  periods, 
tliough  a  nearer  affinity  to  the  Oolitic  Mr.  Brodie 
has  found  the  remains  of  beetles  and  several  insects 
of  the  homopterous  and  trichopterous  oi'ders,  some 
of  which  now  live  on  plants,  Hke  those  of  the  Weal- 
den, while  others  hover  over  the  surface  of  our  present 
Moluccas.  (FUtoB.)  fivers.  But  no  bones  of  mammalia  have  been  met 
with  among  those  of  land-reptiles.  Yet,  as  the  reader  will  learn,  in 
Chapter  XX.,  that  the  relics  of  marsupial  quadrupeds  have  been  detected 
in  still  older  beds,  and,  as  it  was  so  long  before  a  single  portion  of  the 
jaw  of  an  iguanodon  was  met  with  in  the  Tilgate  quarries  (see  p.  228), 
we  need  by  no  means  despair  of  discoveiing  hereafter  some  evidence  of 
the  existence  of  wann-blooded  quadrupeds  at  this  era.  It  is,  at  least, 
too  soon  to  infer,  on  mere  negative  evidence,  that  the  mammalia  were 
foreign  to  this  fauna. 

In  regard  to  the  geographical  extent  of  the  Wealden,  it  cannot  be 
accurately  laid  down ;  because  so  much  of  it  is  concealed  beneath  the 
newer  marine  formations.  It  has  been  traced  about  200  English  miles 
from  west  to  east,  from  Lulworth  Cove  to  near  Boulogne,  in  France  ; 
and  about  220  miles  from  northwest  to  southeast,  from  Whitchurch,  in 
Buckinghamshire,  to  Beauvais,  in  France.  If  the  formation  be  contin- 
uous throughout  this  space,  which  is  very  doubtful,  it  does  not  follow 
that  the  whole  was  contemporaneous ;  because,  in  all  likelihood,  the 
physical  geography  of  the  region  underwent  fi'equent  change  through- 
out the  whole  period,  and  tlie  estuary  may  have   altered  its  form,  and 
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even  shifted  ils  place.  Dr.  Dunker,  of  Cassel,  and  H.  Von  Meyer,  in  an 
excellent  monograph  on  the  Wealdens  of  Hanover  and  Westphalia,  have 
shown  tliat  fhey  correspond  so  closely,  not  only  in  tlieir  fossils,  but  also 
ia  their  mineral  characteis,  with  the  English  series,  that  we  can  scarcely 
heatate  to  refer  the  whole  to  one  great  delta.  Even  then,  the  magni- 
tude of  the  deposit  may  not  exceed  that  of  many  modem  rivers.  Thus, 
the  delta  of  tie  Quorra  or  Niger,. in  Africa,  stretches  into  the  interior 
for  more  than  llO  miles,  and  occupies,  it  is.  supposed,  a  space  of  more 
than  300  miles  along  the  coast,  thus  forming  a  surface  of  more  than 
25,000  square  miles,  or  equal  to  about  one  half  of  England.*  Besides, 
we  tnow  not,  in  such  cases,  how  far  the  fluviatile  sediment  and  organic 
remains  of  the  river  and  the  land  may  he  carried  but  from  the  coast, 
and  spread  over  flie  bed  of  the  sea.  I  have  shown,  when  treating  of  the 
Mississippi,  that  a  more  ancient  delta,  including  species  of  shells,  such 
as  now  inhabit  Louisiana,  has  been  upraised,  and  made  to  occupy  a  wide 
geographical  area,  while  a  n&wer  delta  is  forming  ;f  and  the  possibility 
of  sudi  movement,  and  their  effects,  must  not  be  lost  sight  of  wheu  we 
speculate  on  the  origin  of  the  Wealden. 

If  it  be  asked  where  the  continent  was  placed  from  the  ruins  of  which 
flke  Wealden  strata  were  derived,  dad  by  the  drainage  of  which  a  great 
river  was  fed,  we  are  half  tempted  to  speculate  on  the  former  existence 
of  the  Atlantis  of  Plato.  The  story  of  the  submergence  of  an  ancient 
continent,  however  fabulous  in  history,  must  have  been  true  agmn  and 
again  as  a  geological  event. 

The  real  difficulty  consists  in  the  persistflnce  of  a  large  hydrographical 
basin,  from  whence  a  great  body  of  fi'csh  water  was  poured  into  the  sea, 
predsely  at  a  period  whea  the  neighboring  area  of  the  Wealdea  was 
gradually  going  downwards  1000  feet  or  more  perpendicularly.  If  the 
adjoining  land  participated  in  the  movement,  how  could  it  escape  being 
submerged,  or  how  could  it  retain  its  size  and  altitude  so  as  to  continue 
to  be  the  source  of  such  an  inexhaustible  supply  of  fresh  wafer  and  sed- 
iment ?  In  answer  to  this  question,  we  are  fairly  entitled  to  suggest 
that  the  neighboring  land  may  have  been  stationaay,  or  may  have  under- 
gone a  contemporaneous  slow  upheaval.  There  may  have  been  an 
ascending  movement  in  one  region,  and  a  descending  one  in  a  contigu- 
OHs  parallel  zone  of  countiy ;  just  as  the  noilheru  part  of  Scandinavia  is 
now  rising,  while  the  middle  portion  (that  south  of  Stockholm)  is  im- 
moved,  and  the  southern  extremity  in  Scania  is  sinking,  or  at  least  has 
sunk  within  the  hiatoiical  period.J  We  must,  nevertheless,  conclude,  if 
we  adopt  the  above  hypothesis,  that  the  depression  of  the  land  became 
general  throughout  a  large  part  of  Europe  at  the  dose  of  the  Wealden 
period,  a  subsidence  which  brought  in  the  cretaceous  ocean. 

*  Fitton,  Geol,  of  HiiBtmgs,  p.  68  ;  who  cites  Lander's  Travels. 

■f  See  above,  p.  65  ;  and  Second  Visit  to  ihe  U.  S.  vol.  ii.  cliap.  xxxiv. 

j  See  the  Autlior'a  Annivers.  Address,  GeoL  Soc.  1850,  QuarL  Geol.  Jouvn.  vol, 
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Physical  geography  of  certain  districts  composed  of  Cretaceous  imd  Wealdcn 
strata— Liaea  of  inland  challr-oliffs  oa  tlie  Seine  in  Noiroandy — Outatanding  pil- 
lars and  needles  of  chalk— Denudatica  of  the  chalk  and  'Wcalden  in  Surrey, 
Kent,  and  SuBsei — Chalk  once  continvioas  from  the  North  to  the  South  Downs 

— Anticlinal  asis  and  parallel  ridges — Longitudinal  and  transrerso  TaHejs 

Chalk  eacarpments — SJse  and  denudation  of  the  strata  gradual— Ridges  formed 
by  harder,  valleyB  by  softer  beds — Why  no  alluvium,  or  wreck  of  the  ohallt,  in 
the  central  district  of  the  Weald — At  what  periods  the  Weald  vallBv  was  de- 
nuded— Land  has  most  prevailed  where  denudation  has  been  greateatr— Ele- 
phant bed,  Brighton. 

All  the  fossiliferous  formations  may  be  studied  by  tlie  geologist  in 
two  distinct  points  of  view;  fii-st,  in  reference  to  tbeir  position  in  the 
series,  their  mineral  character  and  fossils  ;  and,  secondly,  in  regard  to 
their  physical  geography,  or  the  manner  in  which  they  now  enter,  as 
mineral  masses,  into  the  external  sti'ucture  of  the  earth ;  foiming  fie  bed 
of  laies  and  seas,  or  the  sm'face  and  foundation  of  hills  and  valleys, 
plains  and  table-lands.  Some  account  has  already  been  given  on  Uie 
first  head  of  tlie  Tertiary,  the  Oretaceous,  and  Wealden  strata  ;  and  we 
may  now  proceed  to  consider  cei'tain  features  in  the  physical  geography 
of  these  groups  as  they  occur  in  parts  of  England  and  France. 

The  hills  composed  of  white  chalk  in  the  S.  E.  of  England  have  a 
smooth  rounded  outhne,  and  being  tisually  in  the  state  of  sheep  pastures, 
are  fi'ee  from  trees  or  hedgerows ;  so  that  we  have  an  opportunity  of 
observing  how  the  valleys  by  which  they  are  drained  ramify  in  all  direc- 
tions, and  become  wider  and  deeper  as  they  descend.  Although  these 
valleys  are  now  for  the  most  part  diy,  except  dming  heavy  rains  and  the 
melting  of  snow,  they  may  have  been  due  to  aqueous  denudation,  as 
explained  in  the  sixth  chapter  ;  having  been  excavated  when  the  chalk 
emei^^ed  gradually  from  the  sea.  This  opinion  is  confirmed  by  the  oc- 
casional occurrence  of  long  lines  of  inland  clilfe,  in  which  the  strata  are 
cut  off  abruptly  in  steep  and  often  vertical  precipices.  The  true  natiue 
of  such  escarpments  is  nowhere  more  obvions  than  in  parts  of  Nor- 
mandy, where  the  river  Seine  and  its  tributaries  flow  through  deep 
winding  valleys,  hollowed  out  of  chalk  horizontally  stratified.  Thus,  for 
example,  if  we  follow  the  Seine  for  a  distance  of  about  30  miles  fi'om 
Andelys  to  Elbceu^  we  find  the  valley  fianted  on  both  sides  by  a  deep 
slope  of  chalk,  with  numerous  beds  of  fiint,  the  formation  being  laid 
open  for  a  thickness  of  about  260  and  300  feet.  Above  tie  chalk  is  an 
overlying  mass  of  sand,  gi'avel,  and  clay,  hoia  30  to  100  feet  thick. 
The  two  opposite  slopes  of  the  hills  a  and  b,  where  the  chalk  appear  at 
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the  lurface  aie  fKm  2  to  4  hqIps  apiit,  anj  they  ire  often  perfectly- 
smooth  ind  evHii  hke  the  steepest  of  our  downs  m  England  hut  at 
mmy  points  they  ate  broken  bj  one  two  or  more  ranges  of  vertical 
^d  even  oierhanging  cl^fla  of  bite  white  chalk  with  flints  At  &ome 
jjomta  detaelied  needles  and  pinnacles  stand  in  the  hne  of  the  clifis,  or 
in  front  of  them,  as  at  c,  fig.  245.  On  the  right  lank  f  the  Seine,  at 
Andelys,  one  range,  about  2  miles  long,  is  seen  varying  fiom  50  f  100 
feet  in  perpendicular  height,  and  having  its  continuity  broken  by  a  num- 
ber of  dry  valleys  or  coomba,  in  one  of  whieb  occars  a  detached  rock  or 
needle,  called  the  Tfite  d'Homme  (see  figs.  246,  247).  The  top  of  this 
rook  presents  a  precipitous  face  towards  erery  point  of  the  compass ;  its 
vertical  height  being  more  than  20  feet  on  the  side  of  the  downs,  and  40 
towards  the  S^ne,  the  average  diameter  of  the  pillar  being  36  feet.  Its 
composition  is  the  same  as  that  of  the  larger  cliffi  in  its  neighborhood, 
namely,  white  chalk,  having  occasionally  a  crystalline  texture  like  mar- 
ble, with  layers  of  flint  in  nodules  and  tabular  masses.  The  flinty  beds 
often  project  in  relief  4  or  5  feet  beyond  the  white  chalk,  which  is  gen- 


erally in  a  state  of  slow  decomposition,  either  exfoliating  or  being  cov- 
ered with  white  powder,  hke  the  chalk  clifls  on  the  English  coast;  and, 
as  in  them,  this  superfldal  powder  contains  in  some  cases  common  salt. 

Otlier  clifis  are  situated  on  the  right  hank  of  the  Seine,  opposite 
Toumedos,  between  Andelys  and  Pont  de  I'Arche,  where  the  precipices 
are  from  50  to  80  feet  high  :  several  of  their  summits  terminate  in  pin- 
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nacles ;  and  one  of  them,  in  pailicular,  is  si 
preseat  a  perpendicular  face  BOfeet  liigh  towards  the  sloping  down.  On 
these  cliffe  several  ledges  are  seen,  which  mart  so  many  levels  at  which 
the  waves  of  the  sea  may  he  supposed  to  have  enci'oached  for  a  long 
period.  At  a  still  greater  height,  immediately  above  the  top  of  this 
range,  are  tliree  much  smaller  difis,  each  about  4  feet  high,  with  as 
many  intervening  teiraces,  which  are  continued  so  as  to  sweep  m  a  semi- 
circular form  round  an  adjoining  coomb,  like  those  in  Sicily  before  de- 
scribed {p.  76). 

If  we  then  descend  the  river  from  Vatteville  to  a  place  called  Senne- 
ville,  we  meet  with  a  singular  needle  about  50  feet  high,  perfectly  iso- 
lated on  the  escarpment  of  chalk  oa  the  right  bank  of  tlie  Seine  (see  fig. 
248).     Another  conspicuous  range  of  inland  cliffs  is  situated  about  12 
ng.  MS.  Kg.  2iB. 


Cbalk  pinnacle  stBetiDriiUle  Bi 

miles  below  on  the  left  bdnk  of  the  Seine,  beginning  it  Flboi-u^  and 
comprehending  the  Roches  d'C'iival  (see  fig.  249).  Like  those  before 
■  described,  it  has  an  iiregular  surface,  often  overhanging,  and  with  beds 
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of  flint  pTOJectiDg  several  feet.  Like  them,  also,  it  exhibits  a  white 
powdery  surface,  and  consiata  entirely  of  homontal  chalk  with  flints. 
It  is  40  miles  inland,  its  height,  in  some  pai-fs,  exceeding  200  feet,  and 
its  base  only  a  few  feet  above  the  level  of  the  Seine.  If  is  broken,  in 
one  place,  by  a  pyramidal  mass  or  needle,  200  feet  high,  called  He 
Roche  de  Pignon,  which  stands  out  about  25  feet  in  front  of  the  upper 
portion  of  the  main  cliffs,  with  which  it  is  united  by  a  narrow  ridge 
about  40  feet  lower  than  ita  summit  {see  fig.  250).     Like  the  detached 


rocks  before  mentioned  at  SenneviUe,  Vatteville,  and  Andclys,  it  may  be 
compared  to  those  needles  of  lialk  whi  h  occur  oa  the  coast  of  Nor- 
mandy, as  well  as  m  the  Isle  of  Wight  ai  d  m  Pmbeck^  (see  fig.  251). 


Hfligbt  of 

The  foregoing  description  and  drawings  will  show,  that  the  evidence 
of  certain  escarpments  of  the  chalk  having  been  originally  sea-cliffs,  is 
far  more  fiUl  and  satisfactory  in  France  than  in  England.  If  it  be  asked 
why,  in  the  interior  of  our  own  country,  we  meet  with  no  ranges  of 
precipices  equally  vertical  and  overhanging,  and  no  isolated  pillars  or 
needles,  we  may  reply  that  the  greater  hwxlness  of  the  chalk  in  Nor- 
mandy may,  no  doubt,  be  the  chief  cause  of  this  difference.     But  the 

*  An  account  ot  these  clifia  waa  read  by  tie  aathor  to  the  British  Assoc,  at 
Glasgow,  Sept.  1840. 

f  Seine-Infecieure,  p.  142,  aod  pi.  6,  iig,  1. 
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frequent  absence  of  all  signs  of  littoral  denudation  in  the  valley  of  the 
Seine  itself  is  a  ncgatiTe  feet  of  a  far  more  striking  and  perplexing  char- 
acter. The  diffii,  aflei'  being  almost  continuous  for  miles,  are  then  wholly 
wanting  for  much  greater  distanceis,  being  replaced  by  a  green  sloping 
down,  although  the  beds  remain  of  the  same  composition,  and  are  equally 
horizontal ;  and  although  we  may  feel  asstired  tiat  fJie  manner  of  the 
upheaval  of  Uie  land,  whether  intermittent  or  not,  must  have  been  the 
same  at  those  intermediate  points  where  no  elite  exist,  as  at  others  where 
they  are  so  fully  developed.  But,  in  order  to  explain  such  apparent 
anomalies,  the  reader  must  refer  again  to  the  theory  of  denudation,  as 
expounded  in  the  6th  chapter ;  where  it  was  shown,  first,  that  the  under- 
mining force  of  the  waves  and  marine  currents  varies  greatly  at  different 
parts  of  every  coast ;  secondly,  that  precipitous  rocks  have  often  decom- 
posed and  crumbled  down ;  and  thirdly,  that  many  terraces  and  small 
clifls  may,  now  He  concealed  beneath  a  talus  of  detrital  matter. 

Demdatiow  of  the  Weald  VaUep.—No  district  is  better  fitted  to  illus- 
trate the  manner  m  which  a  great  seiies  of  strata  may  have  been  up- 
heaved and  gradually  denuded  th'm  the  country  intervening  between  the 
North  and  South  Downs  This  legion  of  which  a  ground-plan  is  ^ven 
in  the  accompanying  map  (fig  252)  composes  within  it  the  whole  of 
Sussex,  and  parts  of  the  counties  of  Kent,  Surrey,  and  Hampshire.  The 
space  in  whiUi  the  foimations  older  than  the  White  Chalk,  or  those 
from  the  Gault  to  the  Hastings  sand  inclusive,  crop  out,  is  bounded 
every wieie  by  a  great  estarjment  of  chalk  which  is  continued  on  the 
opposite  side  ->f  the  eh-mnel  in  the  Ba.-!  Boulonnais  in  France,  where  it 
forms  the  "emicirculai  boundary  ot  a  trict  m  which  older  strata  also  ap- 
pear at  the  surf^e  The  w!  o  e  f  th  1  tr  ct  may  e  fo  e  be  consid- 
ei'od  geologicallj  as  one  and  the  sa    e 


0.  m^  Hoatinga  emi. 
^.  <^m  Putbeck  beds. 
S.  ^pOoUfe. 
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The  space  here  inclosed  wifhui  the  escarpmejit  of  the  chalk  affords  an 
example  of  what  has  been  somelinies  called  a  "valley  of  elevation" 
(more  properly  "  of  denudation") ;  where  the  strata,  partially  removed  by 
aqueous  excavation,  dip  away  on  all  sides  from  a  central  axis.     Thus,  it 


ax. 


-=b,Google 


244  TRAKSVERSE   VALLEYS,  [Ch.  XIX. 

is  supposed,  that  tlie  area  now  occupied  by  the  Hastings  sand  (No.  6) 
was  once  covered  by  tJie  Weald  elay  (No.  5),  and  this  again  by  the 
Greenaand  (No,  4),  and  this  by  the  Gault  (No.  3) ;  and,  lastiy,  that  the 
Chalk  (No.  2)  extended  originally  over  the  whole  apace  between  the 
North  and  the  South  Downs,  This  tlieory  will  be  better  understood  by 
consulting  the  annexed  diagi'am  (flg.  254),  whei*  the  dark  lines  represent 
what  now  remains,  and  the  fainter  ones  tliose  portions  of  rook  which  ai'e 
believed  to  have  been  carried  away. 

At  each  end  of  the  diagram  the  tertiary  strata  (No.  1)  are  exhibited 
reposing  on  the  chalk.  In  the  middle  are  seen  the  Hastings  sands  (No.  6.) 
forming  an  anticlinal  axis,  on  each  side  of  which  the  other  foimations 
are  arranged  with  an  opposite  dip.  It  has  been  necessary,  however,  in 
order  t«  give  a  clear  view  of  the  different  formations,  to  exaggerate  the 
propoi-tional  height  of  each  in  comparison  to  its  horizontal  extent :  and  a 
true  scale  is  therefore  subjoined  in  another  diagi'am  (flg.  254),  in  order 
to  correct  the  erroneous  impression  which  might  otherwise  be  made  on 
the  reader's  mind.  In  this  section  the  distance  between  the  North  and 
South  Downs  is  represented  to  exceed  forty  miles;  for  the  Valley  of  the 
Weald  is  here  intersected  in  its  longest  diameter,  in  the  direction  of  a 
line  betv/een  Lewes  and  Maidstone. 

Through  the  central  portion,  tlien,  of  the  district  supposed  to  be  de- 
nuded runs  a  great  anticlinal  line,  having  a  direction  neafly  east  and 
west,  on  both  sides  of  which  the  beds  5,  4,  3,  and  2,  crop  out  in  succession. 
But,  although,  for  the  sake  of  rendering  the  physical  structure  of  this 
r^on  more  intelligible,  the  central  line  of  elevation  has  alone  been  in- 
troduced, as  in  the  diagrams  of  Smitli,  Mantell,  Conybeare,  and  others, 
geolo^sts  have  always  been  well  awaie  that  numerous  minor  lines  of 
dislocation  and  flexure  run  parallel  to  the  great  central  axis. 

In  tlie  central  area  of  the  H^ting^  sand  the  sti'ata  have  undergone  the 
greatest  displacement ;  one  fault  being  known,  where  the  vertical  shift  of 
a  bed  of  calcareous  grit  is  no  less  than  60  fathoms.*  Much  of  the  pic- 
turesque scenery  of  this  district  arises  from  the  depth  of  tiie  narrow  valleys 
and  ridges  to  which  the  sharp  bends  and  fractures  of  the  strata  have 
given  rise ;  but  it  is  also  in  part  to  be  attiibuted  to  the  excavating  power 
exerted  by  water,  especially  on  the  interatratified  argillaceous  beds. 

Besides  the  series  of  longitudinal  valleys  and  ridges  in  the  Weald, 
there  are  valleys  which  run  in  a  transvei'se  direction,  passing  tiirough  the 
chalk  to  the  basin  of  the  Thanifs  on  the  one  side,  and  to  the  English 
Channel  on  the  other.  In  this  mannei'  the  chain  of  the  North  Downs  is 
broken  by  the  rivers  Wey,  Mole,  Darent,  Medway,  and  Stotu' ;  the  South 
Downs  by  the  Arun,  Adur,  Ouse,  and  Cuckmercf  If  these  transverse 
hollows  could  be  filled  up,  all  the  rivers,  observes  Mr.  Conybeare,  would 
be  forced  to  take  an  easterly  course,  and  to  empty  themselves  into  tlie 
sea  by  Eomney  Marsh  and  Pevensey  Levels.J 

*  Fitfon,  Geol  of  HaatingB,  p.  65. 

f  Oonjbeai'e,  Outlines  of  Geol  p.  81.  %  Ibid.  p.  145. 
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Mr.  Martin  has  suggested  that  the  great  cross  fractures  of  the  challf, 
which  hive  become  rivpr  chtanel*  have  a  remarkable  correspondence 
on  each  side  uf  thp  vJlev  if  the  Weald  m  several  instinLes  the  gorges 
in  tlie  North  and  Stuth  D  wna  appewin^  to  be  brectly  opposed  to  eicli 
other  Thus  for  example  the  defiles  of  the  Wey  in  the  Nf  rth  Downs 
and  of  the  Arun  m  the  South  seemed  to  coincide  in  direeli  n     and  in 


liLe 


the 


"     spends  to  the  Darent,  ind  tl  e 
-^     Gu  kmere  (o  the  Medw^y  * 

Alth  ugh  these  omcidences 
miy  jprlnp^  be  ■icc  lental  it 
is  by  no  meai  s  imiro1"a>lp  as 
hinted  U  the  authcr  above 
mentioned  tl  at  ^reat  am  unt 
of  elevation  towaris  the  centre 
^  of  the  Weald  distnot  gave  rise 
"^  to  transverse  Assurer  And  as 
tlie  lonaitudinal  valleys  were 
c  nnpcte  1  with  that  linear  move- 
ment nbi  h  caused  tlie  anti 
clinal  Ime^  running  ea  t  and 
west  so  the  crosa  flasnres  m  ght 
have  been  occasioned  \j  ihe 
intent  ty  f  the  upheaving  loioe 
lowarls  the  centre  of  the  hue 

B  it  befoie  treating  oi  the 
manner  in  which  the  upheaving 
movement  may  ha\e  acted  I 
shall  endeav  i  to  make  the 
re'ider  more  intimately  icquaint 
ed  sitb  the  leahni;  ae:>gi"ip]u 
cil  features  of  tl  e  listiict  so 
fer  as  they  are  ft  geological  in 

Ii  "shat^'ver  due  tirnwetiavel 
fi  m  the  tertiary  stiata  of  the 
basins  of  London  an  1  Hamp 
shun  towai  is  tlie  valiey  of  the 
Weald  we  first  ascend  a  slope 
of  nhitc  chilt  'sith  flints  anl 
tl  en  fiid  carselvea  on  the  sum 
imt  of  t  declivity  consisting  tor 
the  most  part,  of  difFeient  i: 


^  jiiliiJiiowii 


bel 


of    the    cl  ^Ik    f  rmition 
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sand,  and  sometimes,  also,  the  gault,  crop  out.  Tliis  steep  declivity, 
is  the  great  escarpment  of  the  chait  before  mentioned,  which  overhangs 
a  valley  excavated  chiefly  out  of  the  aigillaceous  or  marly  bed,  termed 
Gault  (No.  3).  The  escarpment  is  coafiimoiis  along  the  southern  ter- 
mination of  the  Worth  Downs,  and  may  he  traced  from  the  sea,  at 
Folkestone,  westward  to  Guildford  and  the  neighborhood  of  Petersfield, 
and  from  thence  to  the  termination  of  the  South  Downs  at  Beachy 
Head.  In  this  precipice  or  steep  slope  the  strata  are  cut  off  abruptly, 
and  it  is  evident  that  they  must  originally  have  extended  ferther.  In 
the  wood-cut  (fig.  255,  p.  245),  part  of  the  escarpment  of  the  South 
Downs  is  faitifully  represented,  where  the  denudation  at  the  base  of 
tlie  declivity  has  been  somewhat  more  extensive  than  usual,  in  conse- 
quence of  the  upper  and  lower  gi^eensand  being  formed  of  very  inco- 
herent mateviiJs,  the  upper,  indeed,  being  extremely  thin  and  almost 
wanting. 

The  geologist  cannot  fail  to  recognize  in  this  view  the  exact  likeness 
of  a  sea-cliff;  and  if  he  turns  and  loois  in  an  opposite  dh'ection,  or 
eastward,  towards  Beachy  Head  (see  flg.  256),  he  will  see  tlie  same  line 


of  heights  prolonged.  Even  those  who  are  not  accustomed  to  specu 
late  on  the  former  changes  which  tlie  sui'feee  has  undergone  may  fancy 
the  broad  and  level  plain  to  resemble  the  flat  sands  which  were  laid  dry 
by  the  receding  tide,  and  the  different  projecting  masses  of  chalk  to  be 
the  headlands  of  a  coast  which  separated  the  different  bays  fiom  each 

In  regard  to  the  traasvei^  valleys  before  mentioned,  as  inter- 
secting the  chalk  hills,  some  idea  of  them  may  be  derived  from  the 
subjomed  sketch  (fig.  257),  of  the  gorge  of  the  river  Adur,  taken 
from  the  summit  of  the  chalk  downs,  at  a  point  in  the  bridle-way 
leading  from  the  towns  of  Bramber  and  Steyning  to  Shoreham.  If 
the  reader  will  refer  again  to  the  view  ^ven  in  a  former  wood-cnt 
(fig.  256,  p.  245),  he  will  there  see  the  exact  point  where  tlie  goi^e 
of  which  I  am  now  speaking  intejTupts  the  chalk  escaipment.  A 
projecting  hil!,  at  the  point  a,  hides  the  town  of  Steyning,  near 
which  the  valley  commences  where  the  Adur  passes  directly  to  the 
sea  at  Old  Shoreham.     The  river  flo^vs  through  a  nearly  level  plain. 
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aa  do  most  of  the  others  which  inter- 
sect the  hills  of  Survey,  Kent,  and 
Sussex;  and  it  is  evident  that  these 
openings,  so  far  at  least  as  they  are 
due  to  a<jueoua  erosion,  have  not 
been  produced  by  the  rivers,  many  of 
which,  like  the  Ouse,  near  I*wea,  have 
filled  up  afms  of  the  sea,  instead  of 
deepening  the  hollows  which  they  tra- 


Now,  in  order  to  accouat  for  the 
manner  in  which  the  five  gronps  of 
strata,  2,  3,  4,  5,  6,  represented  in  the 
map,  fig.  252,  and  in  the  section  fig. 
253,  may  have  been  brought  into 
their  present  position,  the  following 
hypothesis  has  been  very  generally 
adopted  :  Suppose  the  five  formations 
to  lie  in  horizontal  stratification  at 
the  bottom  of  the  sea ;  then  let  a 
movement  fix)m  below  press  them 
upwards  into  the  form  of  a  flattened 
dome,  and  let  the  crown  of  this  dome 
be  afterwards  cut  off,  so  that  the  in- 
cision should  penetrate  to  the  lowest 
of  the  five  groups.  The  different 
beds  would  then  be  exposed  on  the 
surface,  in  the  manner  exhibited  in 
tlie  map,  fig.  252.* 

The  quantity  of  denudation  or  re- 
moval by  water  of  stratified  masses 
assumed  to  have  once  reached  contin- 
uously iivm  the  North  to  the  South 
Downs  is  so  enormous,  that  the  read- 
er may  at  first  be  startled  by  the  bold- 
ness of  the  hypothesis.     But  the  difii- 
culty  vanishes   when   once  suffloient 
time  is  allowed  for  the  gradual  and 
successive  rise  of  tlie  strata,  duiing 
which  the  waves  and  currents  of  the  ocean  might  slowly  accomplish  an 
operation,  which  no  sudden  diluvial  rusJi  of  waters  could  possibly  have 
effected. 

AmoDg  other  proofe  of  the  action,  of  water,  it  may  be  stated  that  the 
great  longitudin^  valleys  follow  the  outcrop  of  the  softer  and  more  in- 
coherent beds,  while  ridges  or  lines  of  cliff  usually  occur  at  those  points 

*  See  illustratlong  uf  tliis  tbuory  by  Dr.  Fitlon,  Geol.  Sketch  ,if  Hoitinga. 
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where  the  strata  are  composed  of  haider  stone.  Tims,  for  exfimple,  the 
chalk  with  flints,  together  with  the  suhjaeent  upper  gi-eeiisaosd,  which  is 
often  used  for  building,  under  the  provindal  name  of  "  firestone,"  has 
been  cut  into  a  steep  chff  on  that  side  on  which  the  sea  encroached. 
This  eecai^pmeBt  bounds  a  deep  valley,  excavated  chiefly  out  of  the  soft 
argillaceous  or  marly  bed,  termed  gault  (No.  3),  In  some  places  the 
upper  greensand  is  in  a  loose  and  incoherent  state,  and  there  it  has  been 
as  much  denuded  as  the  gault ;  as,  for  esample,  near  Eeachy  Head ;  but 
farther  to  the  westward  it  is  of  great  thickness,  and  contains  hard  beds 
of  blue  chert  and  calcareous  saudsfone  or  firestone.  Here,  accordingly, 
we  flnd  that  it  produces  a  con'esponding  influence  on  the  seeneiy  of  t!ie 
country  ;  for  it  runs  out  like  a  step  beyond  the  foot  of  the  chalk-hills, 
and  constitutes  a  lower  ten-ace,  varying  in  breadth  ftom  a  quarter  of  a 
mile  te  three  miles  and  following  the  simiosities  of  the  chalk  es 


It  is  impossible  to  desire  a  more  satisfectoiy  proof  that  the  escarpment 
is  due  to  the  excavating  power  of  water  during  the  lise  of  the  strata ; 
for  I  have  shown  in  my  account  of  the  coast  of  Sicily,  in  what  manner 
the  encroachments  of  the  sea  tend  to  efface  that  succession  of  terraces 
which  must  otherwise  result  from  the  intermittent  iipheaval  of  a  coast 
preyed  upon  by  the  wavea.f  During  the  interval  between  two  elevatory 
movements,  the  lower  teiTace  will  usually  be  destroyed,  wherever  it  is 
composed  of  incoherent  materials ;  whereas  the  sea  will  not  have  time 
entirely  to  sweep  away  another  part  of  tlie  same  terrace,  or  lower  plat- 
form, which  happens  to  be  composed  of  rocks  of  a  harder  texture,  and 
capable  of  offering  a  firmer  resistance  to  the  erosive  action  of  water. 
As  the  yielding  day  termed  gault  would  be  readily  washed  away,  we 
find  its  outerop  marked  everywhere  by  a  valley  which  skirts  the  base  of 
the  chalk  hills,  and  which  is  usually  bounded  on  the  opposite  side  by 
the  lower  greensand  ;  but  as  the  upper  beds  of  this  last  formation  ai'e 
most  commonly  loose  and  incoherent,  thoy  also  have  usually  disappeared 
and  increased  the  breadth  of  the  valley.  But  in  those  distiicts  where 
chert,  limestone,  and  other  solid  materials  enter  largely  into  the  compo- 
sition of  this  foimation  (No.  4),  they  ^ve  rise  to  a  range  of  hills  parallel 
to  the  chalk,  which  sometimes  i  ivil  the  escarpment  of  the  chalk  itself  in 
height,  or  even  surpass  it,  as  m  Leith  Hill,  near  Dorking.  This  ridge 
often  presents  a  sf«ep  escarpment  towards  the  soft  argillaceous  deposit 

*  Sir  R.  MurdiieoQ,  fieol   '^kett]l    !  tsuEses,  <tc.,  Oeol.  Tinna,  Second  Series, 

t  See  fig.  St,  p.  76. 
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caEed  tlw  Weald  clay  (No.  5  ;  see  the  strong  lines  iu  fig.  253,  p.  243), 
which  usually  forms  a  broad  valley,  separating  the  lower  greeiisand  from 
the  Hastings  sands  or  Forest  ridge ;  hut  whei'e  subordinate  beds  of  sand- 
stone of  a  firmer  texture  oeeur,  the  uniformity  of  the  plain  of  No.  5  is 
broken  by  waving  irregularities  and  hillocks. 

It  will  be  easy  to  show  how  closely  the  superfleial  inequalities  agcee 
with  tJiose  which  we  might  naturally  expect  ta  originate  during  the 
gradual  rise  of  tlie  Wealden  district.  Suppose  the  line  of  the  most  en- 
ergetic movement  to  have  coincided  with  what  is  now  the  central  ridge 
of  the  Weald  valley ;  in  that  case  the  first  land  which  emerged  must 
have  been  situated  where  the  Forest  ridge  is  now  placed.  Here  many 
shoals  and  reefe  may  first  have  existed,  and  islands  of  chalk  devoured  in 
the  course  of  ages  by  the  ocean  (see  fig.  253) ;  so  that  the  top  of  the 
shattered  dome  which  first  appeared  above  water  may  have  been  utterly 
destroyed,  and  the  masses  represented  by  the  fainter  lines  (fig.  253)  re- 
moved. 

The  upper  greensand  is  represented  (fig.  259)  as  forming  on  the  left 
hand  a  single  precipice  with  the  chalk;  while  on  the  right  there  are 
two  cliifs,  wifh  an  intervening  terrace,  as  before  described  in  fig.  258. 
Two  strips  of  land  would  then  remain  on  each  side  of  a  channel,  pre- 


aentmg  ranges  of  white  elife  facing  each  otJier.  A  powerful  current 
might  then  scoop  out  a  channel  in  the  gault  (No.  2).  This  softer  bed 
would  yield  with  ease  iu  pTOporlion  as  parts  of  it  were  broiight  up  ft'om 
time  to  time  and  exposed  to  the  fiiry  of  the  waves,  so  that  laj^  spaces 
occupied  by  the  harder  formation  or  greensand  (No.  3)  would  be  laid 
bare.  This  last  rock,  opposing  a  more  effectual  resistance,  would  next 
emerge ;  while  the  ehalk  cliffii,  at  the  base  of  which  the  gault  is  rapidly 
undermined,  wouid  recede  farther  fi^m  each  other,  after  which  four 
parallel  stiips  of  land,  or  rows  of  islands,  would  be  caused,  which  are 
represented  by  the  masses  which  in  fig.  260  rise  above  the  dotted  line 
indicating  the  sea-level.  In  this  diagi'am,  however,  the  inclination  of  the 
upper  surface  of  the  formations  (Nos.  1  and  3)  is  exaggerated.  Origi- 
nally this  surface  must  have  been  level,  like  the  submarine  terraces  pro- 
duced by  denudation,  and  described  before  (p.  74  and  11) ;  but  they 
were  afterwards  more  and  more  tilted  by  that  general  movement  to 
which  the  region  of  the  Weald  owes  its  structure.     At  length,  by  the 
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farther  elevation  of  tie  dome-sliaped  mass,  the  clay  (No.  4)  would  be 
brought  within  reach  of  the  waves,  which  would  prohably  gain  the 
more  easy  access  to  the  subjacent  deposit  hy  tlie  rents  which  would  he 
caused  in  No.  3,  and  in  the  central  part  of  the  ridge  where  the  uplifting 
force  had  been  exerted  with  the  greatest  eneigy.  The  opposite  c!if&,  in 
which  the  greensand  (No.  3)  terminates,  would  now  begin  to  recede 
from  each  other,  having  at  their  hase  a  yielding  stratum  of  clay  {No.  4). 
Lastly,  the  sea  would  penetrate  to  the  sand  (No.  5),  and  tlien  the  state 
of  things  indicated  in  the  dark  lines  of  the  upper  section  {flg.  253), 
would  be  consummated. 

It  was  stated  that  there  are  many  lines  of  flexure  and  dislocation,  nm- 
ning  east  and  west,  or  parallel  to  the  centi'al  axis  of  the  Wealden.  They 
are  numerous  in  the  district  of  the  Hastings  sand,  and  sometimes  occur 
in  the  chalk  itself.  One  of  the  latter  kind  has  given  rise  to  the  ravine 
called  the  Coomb,  near  Lewes,  and  was  first  traced  out  by  Dr.  Mantell, 


^^y 


■\ 


v.     ^>'>^  ."^ 


m  whose  com]ian>  If\iraiutdil  Thi=  conmb  is  spen  on  the  east«^rn 
side  of  the  valley  of  the  Ouse,  m  the  suburbs  of  the  town  of  Lewes 
The  steep  declivrtiea  on  each  side  ire  covred  with  green  tuif,  as  is  the 
bottom,  which  is  p*rtectiy  dry  No  outward  signs  of  dis.tnrhance  <u-e 
visible ;  and  the  connection  of  the  hollow  with  subterranean  movements 
would  not  have  been  saspeoted  by  the  geologist,  had  not  the  evidence  of 
great  convulsions  been  clearly  exposed  in  the  escarpment  of  the  valley 
of  the  Ouse,  and  the  numerous  chalk  pits  worked  at  the  termination  of 
the  Coomb.  By  the  aid  of  these  wc  discover  that  the  ravine  coincides 
precisely  with  a  line  of  fault,  on  one  side  of  which  the  chalk  with  flints 
{a,  fig.  202)  appears  at  the  summit  of  the  hill,  while  it  is  thrown  down 
to  the  bottom  of  the  other. 

Mr.  Martin,  in  his  work  on  the  geology  of  Western  Sussex,  published 
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in  1828,  ttre 
out  continuou 
ci'oss  fracture, 
followed  out 
last-mentioned  h 
ure  and  disloca 


I  Wal 


ure  of  thp  We'Jdeii  by  tracing 

11  cf  many  auticlmal  lines  and 

■E      f  inveotigiton  has  since  been 

M     Hopkins     The  mathematioian 

ved  direction  ot  the  lines  of  flex- 

1  t  coincide  with  those  which  might 


have  b«en  anticipated  theoretically  on  meehanioal  prindplea,  if  we  assume 
certain  simple  conditions  nnder  whidi  the  strate  were  Hfled  up  by  an 
expansive  subterranean  force.  He  finds  by  calculation  that  if  this  force 
was  applied  so  as  to  act  uniformly  upwards  within  an  elliptic  area,  the 
lon^tudinal  fissures  thereby  pi^duoed  would  nearly  coincide  with  the 
outlines  of  the  ellipse,  forming  cracis,  which  are  portions  of  smaller 
concentric  ellipses,  parallel  to  tlie  niar^n  of  the  larger  one.  These  lon- 
gitudinal fissures  would  also  be  intercepted  by  others  running  at  right 
angles  to  them,  and  both  lines  of  fi'acture  may  have  been  produced  at 
the  same  time.f  In  this  illusti'ation  it  is  supposed  that  the  expansive 
force  acted  simultaneously  and  with  equal  intensity  at  every  point  within 
the  upheaved  area,  and  not  with  greater  energy  along  tlie  central  axis 
or  re^on  of  principal  elevation. 

The  geologist  cannot  fail  to  derive  great  advantage  in  his  speculations 
fi'om  the  mathematical  investngation  of  a  problem  of  this  kind,  where 
results  free  from  all  uncertainty  are  obtained  on  the  assumplioa  of  certain 
simple  conditions.  Such  results,  when  once  ascert^ned  by  mathematical 
methods,  may  serve  as  standard  cases,  to  which  others  occui-ring  in  na- 
tiffe  of  a  more  complicated  kmd  may  be  referred.  In  order  tiiat  a  uni- 
form force  should  cause  the  strata  to  attain  in  the  centi'e  of  the  ellipse  a 
height  so  far  exceeding  that  which  they  have  reached  round  the  margin, 
it  is  necessary  to  assume  that  the  mass  of  upheaved  strata  offered  origi- 
nally a  veiy  unequal  degree  of  resistance  to  tlie  subterranean  force.  Tliis 
may  have  happened  either  from  their  being  more  fractured  in  one  place 
than  in  another,  or  from  being  pressed  down  by  a  less  weight  of  in- 
cumbent strata;  as  if  we  suppose,  what  is  fai'  from  improbable,  that 
great  denudation  had  taken  place  in  the  middle  of  the  Wealden  before 
the  final  and  principal  upheaval  occurred.  It  is  suggested  that  the  beds 
may  have  been  acted  upon  somewhat  in  the  manner  of  a  carpet  spread 
out  loosely  on  a  floor,  and  nailed  down  round  the  edges,  which  would 
swell  into  the  shape  of  a  dome  if  pressed  up  equally  at  every  point  by 
air  admitted  from  beneath.  But  when  we  are  reasoning  on  tJie  particu- 
lar phenomena  of  the  Weald,  we  have  no  geological  data  for  detei-min- 

•  For  facther  intbcmation,  see  Mantell's  Qeol.  gt  S,  E.  ot  England,  p.  3B2. 
f  Geol.  Soe.  Proceed.  So.  7*,  p.  S63,  1841,  and  G.  S.  Tram.  2  Ser.  v.  1. 
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ing  wtetlier  it  ta  more  probable  thji^t  originally  tlie  resistance  to  be 
ovei'conie  was  so  esti'emely  unequal  in  different  places,  or  ivlietlier  the 
aubterranean  force,  iiisf«ad  of  being  everywhere  uniform,  was  not  appUed 
with  very  different  degrees  of  intensity  beneath  distinct  portions  of  the 


The  opinion  that  both  the  longitudinal  and  transverse  lines  of  fracture 
may  have  been  produced  simultaneously,  accords  well  with,  that  exprrased 
by  M,  Thurmann,  in  his  work  on  the  anticlinal  ridges  and  valleys  of  ele- 
vation of  the  Bemese  Jura.*  For  the  accuracy  of  his  map  and  sections 
I  can  vouch,  from  personal  examination,  in  1835,  of  part  of  the  region 
surveyed  by  him.  Among  other  results,  at  which  this  author  arrived,  it 
appears  that  the  breadth  of  all  the  numerous  anticlinal  ridges  and  dome- 
shaped  masses  in  the  Jura  is  invariably  great  in  proportion  t«  the  num- 
ber of  the  formations  exposed  to  view;  or,  in  other  words,  to  the  depth 
to  which  the  superimposed  groups  of  secondary  strata  have  been  !aid 
open.  (See  flg.  71,  p.  55,  for  structure  of  Jura.)  He  also  remarks,  that 
the  anticlinal  lines  are  occasionally  oblique  and  cross  each  other,  in  which 
case  the  greatest  dislocation  of  the  beds  takes  place.  Some  of  the  cross 
fractures  are  imagined  by  him  to  liave  been  contemporaneous,  others 
subsequent  to  tiie  longitudinal  ones. 

I  have  assumed,  in  the  fonoer  pait  of  this  chapter,  that  the  rise  of  the 
We^d  was  gradual,  whereas  many  geologists  have  attributed  its  eleva- 
tion to  a  single  effort  of  subterranean  violence.  Tliere  appears  to  them 
such  a  unity  of  effect  in  this  and  other  lines  of  deranged  strata  in  the 
southeast  of  England,  such  as  that  of  the  Isle  of  Wight,  as  is  inconsis- 
tent with  the  supposition  of  a  great  number  of  sepai-ate  movements  re- 
curring after  long  intervals  of  time.  But  we  Icnow  that  earthquakes  are 
repeated  throughout  a  long  series  of  ages  in  tiie  same  spots,  like  volcanic 
eruptions.  The  oldest  lavas  of  Etna  were  poured  out  many  thousands, 
perhaps  myriads  of  years  before  the  newest,  and  yet  they,  and  the  move- 
ments accompanying  their  emission,  have  produced  a  symmetrical  moun- 
tain ;  and  if  rivers  of  melted  matter  thus  continue  to  flow  in  the  same 
direction,  and  towards  the  same  point,  for  an  indefinite  lapse  of  ages, 
what  difGcuIty  is  there  in  conceiving  tiiat  the  subterraneaa  volcanic  force, 
occasioning  liie  rise  or  Ml  of  certain  parts  of  the  earth's  crust,  may,  by 
reiterated  movements,  produce  the  most  perfect  unity  of  result! 

Alluvium  of  the  Weald. — Our  next  inquiry  may  be  directed  to  tlie 
alluvium  strewed  over  the  surface  of  the  supposed  area  of  denudation. 
Has  any  wreck  been  left  beliind  of  the  sti'ata  removed  ?  To  this  we 
may  answer,  that  the  chalk  downs  even  on  tiieir  summits  are  covered 
everywhere  with  gravel  composed  of  unrounded  and  partially  rounded 
chalk  flints,  such  as  might  I'emain  after  masses  of  white  chalk  had  been 
softened  and  removed  by  water.  This  superfidal  accumtdation  of  the 
hard  or  siliceous  materials  of  the  disintegrated  strata  may  be  due  in 
some  degree  to  pluvial  action ;  for  during  extraordinary  rains  a  rush  of 
water  charged  with  calcareous  matter,  of  a  milk-white  color,  may  be 

»  Soulfevemene  Jurassiques.     Paris,  1832. 
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seen  to  desc«nd  eveu  gently  sloping  hills  of  cbalk.  If  a  layer  no  thicker 
than  the  tenth  of  an  inch  be  removed  once  in  a  ceiittiry,  a  considei'ahle 
mass  may  in  the  eoui-se  of  indefinite  agea  raelt  away,  leaving  nothing 
save  a  layer  of  flinty  nodulea  to  attest  its  focmec  existence.  These  un- 
rolled flints  may  remain  mixed  with  others  more  or  less  rounded,  whidi 
the  waves  lefl  oiiginally  oa  the  surface  of  the  chalk,  when  it  first  emerged 
from  the  sea.  A  stratum  of  fine  clay  sometimes  covers  the  surface  of 
slight  depressions  and  the  bottom  of  valleys  in  the  white  chalk,  which 
may  represent  the  alumnious  residue  of  the  rook,  afler  the  pure  car- 
bonal*  of  lime  has  been  dissolved  hy  rain-water,  charged  with  excess  of 
carbonic  acid  derived  fiism  decayed  vegetable  matter.* 

Although  fiint  gravel  is  so  abundant  on  the  chalk  itself  it  is  usually 
wanting  in  the  deep  longitudinal  valleys  at  the  foot  of  the  chalk  escarp- 
ment, although,  in  some  few  instances,  the  detritus  of  the  chalk  hM 
been  traced  in  patohes  over  the  gault,  and  even  the  lower  greensand, 
for  a  distance  of  several  miles  from  the  escarpment  of  tlie  North  and 
South  Downs.  But  no  vestige  of  the  clialk  and  its  fiints  has  been  seen 
on  the  central  ridge  of  the  Weald  or  the  Hastings  sands,  but  merely 
gravel  derived  fmra  the  rocks  immediately  subjacent.  This  distribution 
of  alluvium,  and  especially  the  absence  of  chalk  detritus  in  the  central 
district,  agrees  well  with  the  theory  of  denudation  before  set  forth ;  for 
to  return  to  fig.  259,  if  the  chalk  (No.  I)  were  once  continuous  and 
covered  everywhere  with  flint  gravel,  this  superficial  covering  woiild  be 
the  first  to  be  carried  away  from  tie  highest  part  of  the  dome  long 
before  any  of  the  gault  {No.  2)  was  laid  bare.  Now  if  some  ruins  of 
the  chalk  remain  at  first  on  the  gault,  these  would  be,  in  a  great  degi'ee, 
cleared  away  before  any  part  of  the  lower  greensand  (No.  3)  is  denuded. 
Thus  in  proportion  to  the  number  and  thickness  of  the  groups  removed 
in  succession,  is  the  probability  lessened  of  our  finding  any  remnants  of 
the  highest  group  strewed  over  the  bared  aui'iace  of  the  lowest. 

As  an  exception  to  the  general  rule  of  the  small  distance  to  which  any 
wreck  of  the  chalk  can  be  traced  from  the  escarpments  of  the  North 
and  South  Downs,  I  may  mention  a  thick  bed  of  chalk  flints  which 
occurs  near  Baicombe,  about  three  miles  to  the  north  of  Lewes  (see  fig, 
263),  a  place  which  I  visited  with  Dr,  Mantell,  to  whom  I  am  indebted 
for  the  accompanying  section.  Even  here  it  will  be  seen  that  the  gravel 
reaches  no  farther  than  the  Weald  Clay,  The  same  section  shows  one 
of  the  minor  east  and  west  anticlinal  lines  before  alluded  to  (p,  244). 


Fig.  asa 
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At  what  period  the  Weald  Valley  was  denuded. — If  we  inquire  at 
what  geolo^eaj  period  the  denudafion  of  the  Weald  was  effected,  wo 
shall  immediately  perceive  lliat  the  questioa  is  limited  to  this  point, 
whether  it  took  place  during  or  subsequent  to  the  deposition  of  the 
Eocene  strata  of  the  south  of  England.  For  in  the  basins  of  London 
and  Hampshire  the  Eocene  strata  are  conformable  to  flie  chalk,  being 
horizontal  where  the  beds  of  chalk  are  horizontal,  and  vertical  where 
they  ai-e  vertical,  so  that  both  series  of  rooks  appear  to  have  partidpafed 
in  nearly  the  same  movements.  At  the  eastern  extremity  of  the  Isle  of 
Wight,  some  beds  even  of  fte  freshwater  series  have  been  thrown  on 
their  edges,  like  those  of  the  London  clay.  Neveitheless,  we  can  by  no 
means  infer  that  all  the  tertiary  deposits  of  the  London  and  Hampshii-o 
basins  once  extended  like  the  chalk  over  the  entire  valley  of  the  Weald, 
because  the  denudatioE  of  the  chalk  and  greensand  may  have  been  going 
on  in  the  centre  of  that  area,  while  contiguous  parts  of  the  sea  were 
suffidently  deep  to  receive  and  retwn  the  matter  derived  from  that  waste. 
Thus  while  tiie  waves  and  ciuTents  were  excavating  the  longitudinal  val- 
leys D  and  0  (fig.  264),  the  deposits  a  may  have  been  thrown  down  to 


the  bottom  of  the  contiguous  deep  water  E,  the  sediment  being  didfted 
through  transverse  fissures,  as  before  explained.  In  this  case,  the  rise  of 
the  formations  Nos.  1,  2,  3,  4,  5,  may  have  been  going  on  contempora- 
neously with  the  excavation  of  the  valleys  C  and  D,  and  with  the  accu- 
mulation of  the  tertiary  strata  a. 

This  idea  receives  some  countenance  from  the  fact  of  the  tertiary  strata, 
near  their  junction  with  the  chalk  of  the  London  and  Hampshire  basins, 
often  consisting  of  dense  beds  of  sand  and  shingle,  as  at  Blactheath  and 
in  the  Addington  Hills  near  Croydon.  They  also  contain  occasionally 
freshwater  shells  and  the  remains  of  land  animals  and  plants,  whidi  in- 
dicate tlie  former  pi'csence  of  land  at  no  great  distance,  some  part  of 
whidi  may  have  occupied  the  centre  of  the  Weald. 

Such  masses  of  well-i-olled  pebbles  occurring  in  the  lowest  Eocene 
strata,  or  those  called  "  the  plastic  clay  and  sands"  before  described  (No. 
3,  h,  Tab.  p.  19'7),  imply  the  neighborhood  of  an  andent  shore.  They 
also  indicate  the  destruction  of  pre-existing  chalk  with  flints.  At  the 
same  time  fossil  shells  of  the  genei'a  Melania,  Oyclas,  and  Un.u>,  appear- 
ing here  and  there  in  beds  of  the  same  age,  together  with  plants  and  the 
bones  of  land  animals,  bear  testimony  to  contiguous  land,  which  proba- 
bly constituted  islands  scattered  over  the  space  now  occupied  by  the  ter- 
tiary basins  of  the  Sdne  and  Thames.  ITie  stage  of  denudation  repre- 
sented in  fig.  2S9,  p.  249,  may  explain  the  state  of  things  prevailing  at 
points  where  such  islands  existed.  By  the  alternate  rising  and  sinking 
of  the  white  chalk  and  older  beds,  a  large  area  may  have  become  over- 
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spread  with  gravelly,  sandy,  and  clayey  beds  of  fluvio-marine  and  shallow- 
water  origin,  before  any  of  tJie  London  day  proper  (or  Calcaire  grossier 
in  France)  were  superimposed.  This  may  account  for  the  fact  that  patches 
of  "  plastic  clay  and  sand"  (Wo.  3,  b,  Tab,  p.  197),  are  scattered  over  the 
surface  of  the  chalk,  reaching  in  some  places  to  great  heights,  and  ap- 
proaching even  the  edges  of  the  eacarpmcEta.  We  must  suppose  that 
subsequently  a  gradual  Bubsideuee  took  place  in  certain  areas,  which  al- 
lowed the  London  clay  proper  to  accumulate  over  the  Lower  Eocene  sands 
and  clays,  ift  a  deep  sea.  Dming  this  sinking  down  (the  vertical  amount 
of  which  equalled  800,  and  in  parts  of  the  Isle  of  Wight,  according  to 
Mr.  Prestwich,  1800  feet),  the  work  of  denudation  would  be  unceasing, 
being  always,  however,  confined  to  those  areas  where  land  or  islands 
existed.  At  length,  when  the  Bagshot  sand  had  beea  in  its  tiu;n  thrown 
down  on  the  London  clay,  the  space  covered  by  these  two  formations 
was  again  upraised  fi'om  the  sea  to  ■  about  the  height  which  it  has  since 
retained.  During  this  upheaval,  the  waves  would  again  exert  their  power, 
not  only  on  the  white  chalk  and  lower  cietaceous  and  Wealden  strata, 
but  also  on  the  Eocene  formations  of  the  London  basin,  excavating  val- 
leys and  undermining  oHffii  as  the  strata  emerged  from  the  deep. 

There  are  grounds,  as  before  stated  (p.  205),  for  presuming  that  the 
tertiary  area  of  London  was  converted  into  land  before  that  of  Hamp- 
shire, and  for  this  reason  it  contains  no  marine  Eocene  deposits  so  mod- 
ern as  those  of  Barton  Cliff,  or  the  still  newer  freshwater  and  fluvio- 
marine  beds  of  Hordwel!  and  the  Isle  of  Wight,  These  last  seem 
unequivocally  to  demonstrate  the  local  inequahty  of  the  npheaving  and 
depressing  movements  of  the  period  allnded  to ;  for  we  find,  in  spite  of 
the  evidence  afforded  in  Alum  and  White  Cliff  Bays,  of  continued  de- 
pression to  the  extent  of  1800  or  2000  feet,  that  at  the  close  of  the  Eocene 
period  a  dense  formation  of  freshwater  strata  was  produced.  The  fossils 
of  these  strata  bear  testimony  to  rivers  draining  adjacent  lands,  and  the 
existence  of  numerous  quadrupeds  on  those  lands.  Instead  of  such  phe- 
nomena, the  signs  of  an  open  sea  might  natnrally  have  been  expected  aa 
tJie  consequence  of  so  much  subsidence,  had  not  the  depression  been  ac- 
companied or  followed  by  upheaval  in  a  region  immediately  adjoining. 

When  we  attempt  to  speculate  on  the  geographical  changes  which 
toot  place  in  the  earlier  part  of  the  Eocene  epoch,  and  to  restore  in 
imagination  the  former  state  of  the  physical  geography  of  the  south- 
east of  England,  we  shall  do  well  to  bear  in  mind  that  wherever  there 
are  proofe  of  great  denudation,  there  also  the  greatest  area  of  land  has 
probably  existed.  In  the  same  space,  moreover,  the  oscillations  of  level, 
and  the  alffimate  submergence  and  emergence  of  coasts,  may  be  pre- 
sumed to  have  been  most  frequent :  for  these  fluctuations  facilitate  the 
wasting  and  removing  power  of  waves,  currents,  and  rivers. 

We  should  also  remember  that  tliere  is  always  a  tenden^  in  the  last 
denuding  operations,  to  efface  all  signs  of  preceding  denudation,  or  at 
least  all  those  marks  of  waste  from  which  alone  a  geologist  can  ascertain 
t.lio  date  of  the  removal  of  the  missing  strata  within  the  deHuded  area. 
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It  may  often  be  difScult  to  settle  the  chronology  even  of  the  last  of  a  se- 
ries of  such  acts  ofremovaljbut  it  must  be,  in  the  nature  of  things,  almost 
always  impossible  to  assign  a  date  to  each  of  the  antecedent  denudations. 
If  we  wish  to  determine  the  times  of  the  destruction  of  rocks,  we  must 
look  anywhere  rather  than  to  the  spaces  once  occupied  by  the  missing 
rocks.  "We  must  inquire  to  what  regions  the  ruins  of  the  white  chalk, 
gi-eensand,  Wealden,  and  other  strata  which  have  disappeared,  were 
transported.  We  are  then  led  at  once  to  the  examination  of  all  the  de- 
posits newer  than  the  chalk,  and  first  to  the  oldest  of  these,  the  Lower 
Eocene,  and  its  sand,  shingle,  and  clay.  In  them,  so  largely  developed 
in  the  immediate  neighborhood  of  the  denuded  ai'ca,  we  discover  the 
wrect  we  are  in  search  of^  regularly  sti'atified,  and  inclosing,  in  some  of 
its  layers,  organic  remains  of  a  littoral,  and  sometimes  fluviatile  charac- 
ter. What  more  can  we  desire  1  The  shores  must  have  consisted  of 
chalk,  greensand,  and  Wealden,  since  these  were  the  only  superficial 
rocks  in  the  southeast  of  England,  at  the  commencement  of  the  Eocene 
epoch.  The  waves  of  the  sea,  therefore,  and  the  rivers  were  grinding 
down  chaJi-flints  and  chert  from  the  greensand  into  shingle  and  sand, 
or  were  washing  away  calcareous  and  argillaceous  matter  from  the  cre- 
taceous and  Wealden  beds,  during  the  whole  of  the  Eocene  period. 
Thus  we  obtain  the  date  ofg&tpttlea.tftht  m      t 

of  denudation  of  which  weh  htfegm      nta       thj 

intervening  between  the  No  th      d  S    th  D  w 

There  have  been  some  n        nntsfld  mil  Ine 

the  Eocene  period  in  the  th  t  t  E  gl  1  On  f  th  1  test  f 
these  happened  in  the  Plei  to  1    ^  P         '  '  th    P    t 

Pliocene  period.     The  foj      t  11  1  ly  D     M    tell  th    Eljh    t 


I.  Chiilkwith  iByeraof  flintdlpfilng     g        to        so 
'.  AacleTit  b«riob,  consisting  of  nno  ss  a 

to  eight  feat  thick  of  pabblea  ra 

I,  Klepbant  bei,  sbout  Sftj  feet  thick.  coDslstlng  of  la 
diBllt-fliDls,  in  irhlcS  deposit  ate  fttnnd  bones  ot 
t.  aanaandeliingiaofmotlern  beach. 
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Bed,  al  the  f<»t  of  the  cbalk  dia  al  Brighton,  is  mt  m.nlj.  t.lns  of 
oalcmeo™  rubble  eollectal  ,t  the  b«»  of  an  nlaad  elilf,  but  ediibito 
every  appearane.  of  hari.g  U.n  .prea.l  out  in  snee<»ive  homonlal 
layers  by  water  in  motion. 

The  deposit  ijluded  to  skirt,  the  shore,  between  Biigliton  and  Eoltine. 
;kan,  and  another  »,.«  apparenfly  of  the  same  age  oeouis  ,1  Dovlr 
the  phenomena  appear'  tome  to  snggest  the  following  oonotaions  :_ 
Ursl,  the  i»nth«istetn  part  of  England  had  aconh^d  its  «!tnal  conhgn- 
ralron  when  the  ancient  ehalk  clilT  A  •  w«,  fonn«i,  the  be«>h  of  sid 
aiid  .hingle  i  having  then  been  threwn  up  at  the  base  of  lh«  cliff. 
Afterwards  the  whole  eoit,  or  at  least  that  part  of  it  where  the  elephant 
bed  now  extends,  .nbsided  to  the  depth  of  Sfty  or  60  feet;  and  during 


.  '      -"  ™.v  ^.T^i^^u  I,,  my  orouieei;  ana  aurmg 

the  period  of  .ubmeigence  succosive  l.yeis  of  white  calcareous  rubble' 
were  accumulated,  «,  a.  to  cover  the  ancient  beach  I.  SubManently,  the 
coaat  was  agam  taiad,  so  that  the  ancient  shoi.  wa.  elevated  to  a  levd 
somewhat  higher  than  it.  original  position.* 


SoMlviion.  of  tl.  Oolitic  or  Jurassic  gton[^-Ph;i,d  B.oempl,  „(  a.  Oolil,  i„ 
Eajland  ..d  K~.-njp.,  0.m.-P.,a.„d  ^'^  llLuo,™  1 
.ton.  of  Sotaliof.n-M,ddl,  Oolil,,  corJ  »g-Z„oph,t.— Kmim,  iC 
-pic,™.  li„..l„„,_Orf„d  el.,,  Ammonit.,  and  Bd™mt«_I„w.r  o'". 
O„a«d=™_0,e,l  Oclii.  ^  ,„jm  .li,-_Sl„n,.«,ld  d.,_r„i,  „„; 
mdn  pkceatd  and  iiai.c,id-R,„mbka«,  to  «i  Au.lrdim  fau„,_D„i,be 
of  prngrcmv.  dovolopmeal-OdljWMlon  .lal,»-York.lili-,  Oditic  «,d-lieU_ 
Brora  cod— Inferior  Oolite  and  fossils. 

Oomo  oi  /mwc  ffioo,.— Below  the  feshwater  group  called  the 
Wealden,  or  where  this  i.  wanting,  imm«liatelj  beneath  the  Omtaceou. 
fonnation,  a  great  aeries  of  marine  strata,  commonly  called  "the  Oolite," 
oooura  m  England  and  many  other  part,  of  Enropa  This  group  has 
been  so  named,  because,  in  the  countries  where  it  was  first  examined  the 
hmestones  belonging  to  it  had  an  oolitic  stnicture  (see  p.  12)  These 
racks  occupy  in  Enghmd  a  aine  which  i.  nearly  30  mil,,  in  .v,r.ce 
breadth,  and  extend,  across  the  island,  from  Yorkdih*  in  the  northeast, 
to  Dorsetehrre  m  the  southwest.  Their  mineral  character,  are  not  uni- 
form thronghout  this  region  j  but  the  followmg  are  the  nunc,  of  the 

•  So.  Msnt.ll',  Sod.  of  S.  11  of  Eojland,  p  «!.  ift.,  ,„x,„l„ia,  a,  ,,„. 
pliul  bed  ,„  1884, 1  wa.  „„  10.5,,  ,„  d„.t^  ,,  ,„  j.,,,  j,„  _  ^  »'  _* 
a,™.,,,  deposit  In  18!!,  Dr.  MmMl  discovered  in  Ih,  diigl,  bdow  lb,  cb.tt- 
robU,  th,  jawbon.  of  a  ,b.l,  ij  f,„  ,^^  ^uA  oo.l  h.v.  belonged  to  „ 
mdivdud  fram  60  to  70  feet  in  length.   Medal,  of  Creatioo,  p.  825. 
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principal  aubdiviaions  observed  in  the  central  and  soittheastern  parts  of 

England : — 

OOLITE. 
„       .    !  B.  Poi-tland  stone  and  sand. 
"PP^'    (6.  Kiuiraeridge  day. 
,,■  I II      ( 17.  Coral  raff. 

(e.  Combraali  and  Forest  marble. 
f.  Great  Oolite  and  StonesSeld  slate. 
Lower   -^  ■^.  puller's  earth, 
[/i.  Inferior  Odita. 
The  Liaa  then  succeeds  to  the  Inferior  Oolite. 
The  TJppei'  oolitic  system  of  tlie  above  table  has  usually  the  Kimme- 
ridge  clay  for  its  base ;  the  Middle  oolitic  eyetwa,  the  Oxford  clay.     The 
Lower  system  reposes  on  the  Lias,  an  argiUo-ealcareoiis  formation,  which 
some  include  in  the  Lower  Oolite,  but  which  will  be  treated  of  separately 
in  the  nest  chapter.     Many  of  these  subdivisions  are  distinguished  by 
peculiar  organic  remains ;   and  though  varying  m  thickness,  may  be 
traeed  in  certain  directions  for  great  distances,  espedaUy  if  we  compare 
the  part  of  England  to  which  the  above-mentioned  type  refeis  with  the 
northeast  of  France,  and  the  Jura  mountains  adjoining.    Li  that  country, 
distant  above  400  geographical  miles,  the  analogy  to  the  English  type, 
notwithstanding  the  thinness,  or  occasional  abaence  of  the  clays,  is  more 
perfect  than  in  Yorkshire  or  N'ormandy. 

Physical  geography.— The:  alternation,  on  a  grand  scale,  of  distinct 
formations  of  day  and  limestone,  has  caused  the  ooMtic  and  liassic  series 
to  ^ve  rise  to  some  marked  features  in  the  physical  outline  of  parts  of 
England  and  France.  Wide  valleys  can  usually  be  traced  throughout 
the  long  bounds  of  country  where  the  ai^Uaceous  sti:ata  crop  out;  and 
between  these  valleys  the  Hmestonea  are  observed,  composing  ranges  of 
hills,  or  more  elevated  grounds.  These  ranges  terminate  abruptly  on  the 
side  on  which  the  several  clays  rise  up  from  beneath  the  calcareous  strata. 
The  annexed  diagram  will  ^ve  the  reader  an  idea  of  the  conflguratdon 
of  the  surface  now  alluded  to,  such  as  may  be  seen  in  passing  from  Lon- 
don to  Cheltenham,  or  m  other  parallel  hues,  frem  east  to  west,  in  the 
southern  part  of  England     It  his  been  necessary,  howevei,  in  this  .Iraw 

rig  286 
Lower  Midaie  nnpur  I^ndoD 

O^Z  0»liW.  Oolite  Chalk      cUy 


jng,  greatly  to  exaggeiat^  the  inclmatif  n  of  tiie  beds,  and  the  height  of 
the' several  tormitions  ■^  c  mpwel  to  their  horizontal  extent  It  will 
be  remaiked,  thit  the  hues  ot  dift,  or  escarpment,  tace  tofvards  the 
west  in  the  great  oalcaieous  eminences  tormwl  by  the  Ch^lk,  ^nd  the 
Upper,  Middle,  and  Lower  Oolites ,  and  at  ths  base  of  which  we  h'^ve 
respectively  the  Gault,  Kimmeridge  day,  Oxford  day,  and  Lias.  This 
last  forms,  generally,  a  braad  vale  at  tiie  foot  of  the  escarpment  of 


-c  by  Google 


Ch.  SX.]  UlTER    OOLITE.  259 

inferior  oolite,  but  where  it  acquires  considerable  thicltnras,  and  coiitaius 
solid  beds  of  maflstone,  it  occupies  the  lower  part  of  the  escarpment. 

The  external  outline  of  the  country  which  the  geologist  observes  in 
travelling  eastward  from  Paws  to  Meta  is  precisely  analogous,  and  is 
caused  by  a  similar  succession  of  rocks  intervening  between  the  tertiary 
strata  and  the  Lias  ;  with  this  difference,  however,  that  the  escarpments 
of  Chalk,  Upper,  Middle,  and  Lower  Oohtes,  fece  towards  the  east  in- 
stead of  the  west. 

The  Chalk  crops  out  from  beneath  the  tertiary  sands  and  clays  of  the 
Paris  basin,  near  Epernay,  and  the  Gault  from  beneath  the  Chalk  and 
Upper  Greensand  at  Clermontren-Argonne  ;  and  passing  from  this  place 
by  Verdun  and  Etain  to  Metz,  we  find  two  hmestone  i-anges,  with  inter- 
vening vales  of  clay,  precisely  resembling  those  of  southern  and  central 
England,  until  we  reach  the  gj'cat  plain  of  Lias  at  the  base  of  the  In- 
ferior Oolite  at  Metz. 

It  is  evident,  therefore,  tliat  the  denuding  causes  have  acted  similarly 
over  an  area  several  bundi'ed  miles  in  diameter,  sweeping  away  the  softer 
clays  more  extensively  than  the  limestones,  and  undermining  these  last  so 
as  lo  cause  tliem  to  form  steep  clifls  wherever  the  haiiiler  calcareous  rock 
was  based  upon  a  more  yielding  and  destructible  clay.  This  denudation 
probably  occurred  while  the  land  was  slowly  rising  out  of  the  sea,* 

Upiim-  Oolite. 
The  Porllantl  stone  has  already  been  mentioned  as  foiming  in  Doisefr 
shire  the  foundation  on  which  tlie  freshwater  hmestone  of  the  Lower 
Purbeck  reposes  (see  p.  232).  It  supplies  the  well-known  building  stone 
of  which  St.  Paul's  and  so  many  of  the  principal  edifices  of  London  are 
constructed.  This  upper  member,  characterized  by  pecuhar  marine  fos- 
sils, rests  on  a  dense  bed  of  sanil,  called  the  Portland  sand,  below  which 
is  the  Kimmeridge  clay.  In  England  these  Upper  Oohte  foi-mations  are 
almost  wholly  oufined  to  the  '^outhei'n  counties.  Corals  are  rare  in  them, 
although  one  species  is  found  plentifully  at  Tis- 
buiy,  m  Wiltshire,  in  the  Portland  sand  con- 
verted into  flint  and  chert,  the  original  calcare- 
ous matter  being  replaced  by  silex  (fig.  267). 

Among  the  characteristic  fossils  of  the  Upper 
Oolite,  may  be  mentioned  the  Oatrea  deltmdea 
'"     ""'>),fouiidintbeKiffii         "       ■ 


out  England  and  the  north  of  France,  and  also 

m  Scotland,  near  Brora.    The  Oryph<ea  virgula 

" "  %  also  met  with  in  the  same  clay  near 

txi^^^^^Bi^^ji^     1  is  so  abundant  in  the  Uppei'  Oolite  of 

anutmaHa  B!iione<h  bibIiit.  P^**^  "^  France  as  to  have  caused  the  deposit  to 
^oblrtftSm  thi^sMd'tft^  t«  termed  "mames^grypheesvirgules."  Near 
Upper  Oolite,  Tisbury,  Clermont,  in  Argonne,  a  few  leagues  from  St. 


!c  cliftpters  vi.  and  si 
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Menetoultl,  wlierc  tli«sp   mduiittil  rairK  crop  out  from  beneath  tlie 
gault,  I  have  seen  th.eca,  ou  decoiopo'-ing  leave  the  surface  of  every 


ploughed  field  hterally  &trewe1  ove 


ti  thisf  a, 


The  Kimmendge  day  consists,  m  gi'eat  part,  ot  a  bituminous  shale, 
sometimes  forming  m  impure  coal  several  hundred  feet  in  thictness.  In 
some  places  in  "Wiltshii'O,  it  much  resembles  peat ;  and  the  bituminous 
matter  may  have  been,  in  part  at  least,  derived  from  the  decomposition 
of  vegetables.  But  as  impressions  of  plants  are  rai'e  in  these  shales, 
which  contain  ammonites,  oysters,  and  other  marine  shells,  the  bitumen 
may  perhaps  be  of  animal  origin. 

The  celebrated  lithographic  stone  of  Soleahofen,  in  Bavaria,  belongs 
to  one  of  the  upper  divisions  of  the  oolite,  and  affords  a  remarkable  ex- 
ample of  the  variety  of  fossils  which  may  be  presei'ved  under  fevorable 
circumstances,  and  what  delicate  impressions  of  the  tender  parts  of  cer- 
tain animals  and  plants  may  be  retained  where  the  sediment  is  of  extreme 
fineness.  Although  tlie  number  of  testac^a  in  tbis  slate  is  small,  and 
the  plants  few,  and  those  all  marine,  Count  Munster  had  determined  no 
less  than  337  spedes  of  fossils  when  I  saw  his  collection  in  1833  ;  and 
among  them  no  less  than  seven  species  of.  flying  lizards,  or  pterodactyls, 
six  aaurians,  three  tortoises,  sixty  species  of  fish,  forty-six  of  cnistacea. 
and  twenty-Mx  of  insects.  These  insects,  among  which  is  a  libellula,  oi 
dragon-fly,  must  have  been  blown  out  to  sea,  probably  from  the  same 
land  to  which  the  ilying  lizards,  and  other  contemporaneous  reptiles, 
resorted. 

Middle  Oolite. 
Coral  Saff.—One  of  tlie  limestones  of  tlie  Middle  Oolite  has  been 
called  the  "  Coral  R^,"  because  it  conasts,  in  part,  of  continuous  beds 
of  petrified  corals,  for  the  most  part  retaining  the  position  in  which  tliey 
grew  at  the  bottom  of  the  sea.  They  belong  chiefly  to  the  genera  Cart/- 
ophyllia  (fig.  211),  Agaricia,  and  Aatrea,  and  somelimea  form  masses  of 
coral  15  feet  thick.  In  the  annexed  figure  of  an  Aatreti,  from  this  ibr- 
mation,  it  will  be  seen  that  tlie  cup-shaped  cavities  are  deepest  on  the 
right-hand  side,  and  that  they  grow  more  and  more  shallow,  till  those 
on  the  left  side  are  nearly  filled  np.  The  last-named  stars  are  supposed 
to  be  Polyparia  of  advanced  age.    These  coralhne  strata  extend  through 
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fie  calcareous  hills  of  the  N.  W.  of  Berkshire,  aad  north  of  Wilts,  and 
again  recur  in.  Yorkshire,  near  Scarborough, 

One  of  the  limestones  of  the  Jura,  referred  to  the  age  of  the  English 
coral  rag,  has  been  called  "Neriniean  hmestoue"  (Caleaire  it  Nfirin6es) 
by  M.  Thirria ;  Nerinma  being  an  extinct  genua  of  univilve  sheila  much 
resembling  the  Cerithium  in  external  form.  The  annewl  sectifn  (fig 
273)  shows  the  curious  form  of  the  hollow  part    f  e  ch  i\Ii  il  ■!  1 1  also 


the  perforation  which  passes  up  the  middle  of  tlie  columella  V  Good 
haUii  (fig.  214)  is  another  English  species  of  tlie  sune  genus  tiom  a 
formation  which  seems  to  form  a  passage  from  the  Kimmendge  Jw  t 
the  coral  rag.* 

A  division  of  the  oolite  in  the  Alps,  regarded  by  most  geologists  as 
coeya]  with  the  Enghsh  coral  rag,  has  been  often  nanaed  "  Calcaire  £i  Di- 
cerates,"  or  "  Diceras  limestone,"  from  its  containing  abundantly  a  bivalve 
shell  (see  fig.  275)  of  a  genua  allied  to  tlie  Ohama. 


*  Fitton,  Geo).  Trans,  Second  Sori 
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Oxford  Clay. — The  corallioe  limestone,  r  c  1  ^.  above  de- 
scribed, and  tlie  accompanying  sandy  beds,  caUed  "  calcareous  grits"  of 
tbe  Middle  Oolite,  rests  on  a  tbiok  bed  of  clay,  called  the  Orford  clay, 
sometimes  not  less  Uian  500  feet  thick.  In  this  there  are  no  corals,  but 
great  abundance  of  ceph.a!opoda  of  the  genera  Ammonite  and  Belemnite. 
(See  fig.  277.)     In  some  of  the  clay  of  very  fine  texture 


very  perfect,  although  somewhat  compressed,  and  are  seen  to  be  furnished 
on  each  side  of  the  aperture  with  a  single  horn-like  projection  (see  fig. 
278).  These  were  discovered  in  the  cuttings  of  the  Great  Western 
Railway,  near  Chippenhani,  iu  1841,  and  have  been  described  by  Mr. 
Pratt.* 


mmtmttes  Jason,  Eeinicke     9}  n     A  ElaiibetlM,  Fratt 
Osford  day,  Chnstian  Mairort,  WiMiirc. 

J.  P.  Tratt,  Annals  of  Nat  Hist  November,  1S4 
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Similar  elongated  processes  have  been  also  ob- 
served to  extend  from  the  shells  of  some  belem- 
nites  discovered  by  Dr  Mantell  in  the  same  elay 
{'lee  fig  2  9)  who  by  the  aid  of  this  and  other 
peciijiens  has  been  ible  to  thiow  much  light  on 
the  =t  ueture  of  tl  is  s  n^l'u  xtinct  form  of 
cuttle-fiah  * 

Zo  ver  Ool  i 

The  up^er  divisicn  of  th  s  seres,  which  is 
moie  extenMve  than  the  piocedug  or  Middle 
Oolite  IS  called  m  England  the  Combrash.  It 
consists  f  clays  and  calcareous  sandstones, 
which  pass  downwards  i  ito  the  Forest  marble, 
an  argillaccjua  hmpstone  -ibcundiiig  in  marine 
fo^its  In  some  [  l-ices  as  it  Bradford,  this 
limestone  is  ipplaoed  by  a  miss  of  clay.  The 
s'mdstones  ot  flie  Forest  Marble  of  Wiltehire  are 
often  Hpple  milted  •md  filled  with  fragments  of 
bioLen  "jI  ells  and  piPces  of  dnft  wood,  having 
evidently  teen  f  imed  on  a  coast,  Eippled  slabs 
of  fissile  oolite  are  used  for  roofing,  aaid  have 
1  een  tmeei  over  ■*  broad  bin  1  ot  country  from 
Bridfoi  d,  in  Wilts,  to  Tetbury,  m  Gloucestei'shire. 
These  calcareous  tile-stones  are  separated  from 
PTch  other  by  thin  seams  of  day,  which  have 
been  deposited  upon  them,  taid  have  taken  their 
torm,  preseiTing  the  undulating  ridges  and  fur- 
rows of  the  sand  in  such  complete  integrity,  that 
the  mipressions  of  small  footsteps,  apparently  of 
crabs,  which  walked  over  the  soft  wet  sands,  are 
still  visible.  In  the  same  stone  the  claws  of 
tiabs,  fiagments  of  echini,  and  other  signs  of  a 
neighboring  beach  are  observed.f 
io  Great  Odiie. — Although  the  name  of  coral- 

fg  of  rag  has  been  appropriated,  as  we  have  seen,  to  a 
^'^  member  of  the  Upper  Oolite  before  described, 
"y  J  some  portions  of  the  Lower  Oolite  are  equally 
™°'^  entitled  in  many  places  to  be  called  coralline 
lOMa  limestones.  Thus  the  Great  Oolite  near  Bath 
irrod  contains  vaiious  corals,  among  which  the  Euno- 
wtet,  mia  radiata  (fig,  280)  is  very  conspicuous,  single 
o'imI'      individuals  forming  masses  several  feet  in  diam- 

*  See  PMl.  Trans.  1860,  p.  393. 

f  P.  Scrope,  Geol.  Prowad.  March,  IBSl. 
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e.  PortloD  of  Intn^or  of  tubes  magnified,  sliowlDgatrlafedBurJ^e, 

etei,  and  having  probably  required,  like  the  large  e\isting  brain  coial 
(Mtandnna)  of  the  tropics,  many  (.enturies  before  their  gro^rth  was 
completed 

Diflerent  species  of  C'rtnotdeans,  or  stone  lilies,  are  alao  common  in 
the  same  rocks  with  corah,  and,  liLe  them,  mii&t  have  enjjyd  a  fiim 
bottom,  wheie  their  loot,  oi  base  of  attachment,  remained  iradi-stiirl  ed 
for  yeaw  (c,  fig  281)      Such  fossils   thpiefore,  are  almost  confined  to 


the  hmestonea  ;  hut  an  exception  occurs  at  Bradford,  near  Bath,  where 
they  aie  enveloped  in  clay.  In  tliis  case,  however,  it  appears  that  the 
sohd  upper  surface  of  the  "  Great  Oolite"  had  supported,  for  a  time,  a 
thict  submarine  forest  of  these  beautiful  zoophytes,  until  the  clear  and 
still  water  was  invaded  by  a  current  charged  with  mud,  which  threw 
down  the  stone-lilies,  and  broke  most  of  their  stems  short  off  near  the 
point  of  attachment.  The  stumps  still  remmn  in  their  original  position ; 
but  the  numerous  articulations  once  composing  the  stem,  arms,  and  body 
of  the  zoophyte,  were  scattered  at  random  through  the  argillaceous  de- 
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posit  in  which  some  now  lie  prostrate.  These  appearances  are  repre- 
sented iu  the  section  b,  fig.  381,  where  the  dai'ker  strata  represent  the 
Bradford  clay,  which  some  geologists  class  with  the  Forest  marble,  otli- 
era  -tvith  the  Oreal  Oolite.  The  upper  surface  of  the  ealcareons  stone 
below  is  completely  incnisted  over  with  a  continuous  pavement,  formed 
by  the  stony  roots  or  attachments  of  the  Crinoidea ;  and  besides  this  evi- 
dence of  the  length  of  time  they  had  lived  on  the  spot,  we  find  great 
numbers  of  single  joitits,  or  circular  plates  of  the  stem  and  body  of  the 
encriuite,  covered  over  with  serpulce.  Now  these  serpulcB  could  only 
have  begun  to  grow  after  the  death  of  some  of  tjie  stone-lilies,  parts  of 
whose  skeletons  had  been  strewed  over  the  floor  of  the  ocean  before  tbe 
irruption  of  argillaceous  mud.  In  some  instances  we  find  that,  after  tlie 
pwasitie  serpulis  were  full  grown,  they  had  become  incnisted  over  with 
a  coral,  called  Berenicea  diluviana  ;  and  many  generations  of  these 
polyps  had  succeeded  each  other  in  the  pure  water  before  tliey  became 


We  may,  therefore,  perceive  distinctly  fiat,  as  tlie  pines  aud  oyca- 
deous  plants  of  the  ancient  "  dirt  bed,"  or  fossil  forest,  of  tlie  Lower  Pur- 
beck  were  killed  by  submergence  under  fresh  water,  and  soon  buried 
beneath  muddy  sediment,  so  an  invasion  of  argillaceous  matter  put  a 
sudden  stop  to  the  growth  of  the  Bradford  Encrinites,  and  led  to  their 
preservation  in  marine  strata,* 

Such  differences  in  the  fossils  as  distiuguish  the  calcareous  and  argil- 
ieous  deposits  from  each  otiier,  would  be  described  by  naturalists  as 
arising  out  of  a  diffei'ence  in  the  stations  of  spedes ;  but  besides  these, 
are  variations  in  the  fossils  of  the  higher,  middle,  and  lower  part 
of  the  oolitic  series,  which  must  be  ascribed  to  that  great  law  of  change 
'n  organic  life  by  which  distinct  assemblages  of  species  have  been 
idapted,  at  successive  geological  periods,  to  the  varying  conditions  of 
;he  habitable  surface.     In  a  single  district  it  is  difiicult  to  decide  how 

ir  a  fiiEer  Kcwunt  of  these  Ecerinites,  see  Bucbland'a  Bridgcwater  Treatiae, 
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tar  the  limitation  of  species  to  certain  minor  fovinations  lias  been  due  to 
the  local  influence  of  stations,  or  liow  far  it  has  been  caused  by  time  or 
the  creative  and  destroying  law  above  alluded  to.  But  we  recognize 
the  reality  of  the  last-mentioned  influence,  when  we  conti'ast  tlie  whole 
oolitic  series  of  England  with  that  of  parts  of  the  Jura,  Alps,  and  other 
distant  regions,  where  there  is  scarcely  any  lithological  reaemblance ; 
and  yet  some  of  the  same  fossils  remain  peculiar  in  each  country  to  the 
Upper,  Middle,  and  Lower  Oolite  formations  rrapeotively.  Mr.  Thur- 
man  has  shown  how  remarkably  this  fact  holds  true  in  the  Bernese 
Jura,  although  the  at^Uaceous  divisions,  so  conspicuous  in  England,  are 
feebly  represented  there,  and  some  entirely  wanting. 

TJie  Bradford  clay  above  alluded  to  is  sometimes  60  feet  thick,  bnt, 
in  many  places,  it  is  wanting ;  and,  in  others,  where 
there  are  no  limestones,  it  cannot  easily  be  separ- 
ated ftom  the  clays  of  the  overlying  "forest  mar- 
ble" and  underiying  "fuller's  earth." 

The  calcai-eous  portion  of  the  Great  Oolite  con- 
sists of  several  shelly  limestones,  one  of  which, 
called  the  Bath  Oolite,  is  much  celebrated  as  a 
building  stone.  In  pails  of  Gloucestershire,  espe- 
cially near  Minehinhampton,  the  Great  Oolite,  says 
Mr.  Lycett,  "mnst  have  been  deposited  in  a  shallow  sea,  where  strong 
currents  prevailed,  for  there  are  frequent  changes  in  the  mineral  eliar- 
acter  of  the  deposit,  and  some  beds  exhibit  false  stratiflcation.  In 
others,  heaps  of  broken  shells  are  mingled  with  pebbles  of  rocks  foreign 
to  the  neighborhood,  and  with  fragments  of  abraded  madrepores,  dico- 
tyledonous wood,  and  crabs'  claws.  The  ahetly  strata,  also,  have  occa- 
sionally suffered  denudation,  and  the  removed  portions  have  been 
replaced  by  day."*  In  such  shallow-water  beds  cephalopoda  are  rare, 
and,  instead  of  ammonites  and  belemnites,  numerous  genera  of  carniv- 
orous trachelipods  appear.  Out  of  one  hundred  and  forty-two  species 
of  univalves  obtained  from  fie  Minchinhampton  beds,  Mr.  Lycett  found 
no  less  than  forty-one  to  be  carnivorous.  They  belong  principally  to  the 
genera  Bm^num,J'leurotoma,  Bostellaria,  Murex,  and  Fums,  and  ex- 
hibit a  proportion  of  zoophagous  species  not  very  different  from  that 
which  obtains  in  warm  seas  of  the  recent  period.  These  conchoiogical 
results  are  cuidons  and  unexpected,  since  it  was  imagined  that  we  might 
look  in  vain  for  the  carnivorous  trachelipods  in  roc^  of  such  high  an- 
tiquity as  the  Great  Oolyte,  and  it  was  a  received  doctrine  that  they  did 
not  begin  to  appear  in  considerable  numbei-s  till  the  Eocene  period,  when 
those  two  gi'eat  femiliea  of  cephalopoda,  the  ammonites  and  belemnites, 
had  become  extinct. 

Slmesjield  slate.— Tha  slate  of  Slflnesfield  has  been  shown  by  Mr. 
Lonsdale  to  lie   at  the  base  of  the  Great  Oolite.f     It  is  a  slightly 

*  Lycett,  Quart.  Geol.  Journ,  vol.  iv.  p.  i83. 
\  Proceedings  Geol.  Soc  vol.  i.  p.  414. 
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oolitic  sLelly  limestone,  forming  large  spheroidal  masses  imbedded  in 
sand,  only  6  feet  thicli,  but  very  rich  in  organic  remains.  It  contains 
some  pebbles  of  a  rock  very  similar  to  itself,  and  which  may  be  poitions 
of  the  deposit,  broken  up  on  a  shore  at  low  water  or  during  storms,  and 
redeposited.  The  remains  of  belemnites,  trigonite,  and  other  marine 
shells,  iiith  fiagments  of  wood,  are  common,  and  impressions  of  ferns, 
lycade'e,  ind  other  plants.  Several  insects,  also,  and,  among  the  rest, 
Fig  2B1  the  wing-covers  of  beetles  are  perfectly  preserved  (see  fig, 
284),  some  of  them  approaching  nearly  to  the  genus  Bupres- 
hs  *  The  remains,  also,  of  many  genera  of  reptiles,  such  as 
Flei  Tsaur,OrocodUe,  and  Pterodactyl,  have  been  discovered  in 
the  same  limestone. 

But  the  I'cmarkable  fossils  for  which  the  Sfonesfield  slate 
IS  most  celebrated,  are  those  refen'ed  to  the  mammiferous 
cl'ias  The  student  should  be  reminded  that  in  all  the  rocks 
desLribed  in  Uie  pi'cceding  chaptei*  as  older  than  the  Kocene, 
no  bones  of  any  land  quadruped,  or  of  any  cetacean,  have 
stonaafleia.  Jjeen  discovered.  Yet  we  have  seen  that  terrestrial  plants 
were  not  rare  in  the  lower  cretaceous  formation,  and  thatin  theWeaiden 
there  was  evidence  of  freshwater  sediment  on  a  large  scale,  containing 
various  plants,  and  even  ancient  vegetable  soils  witii  the  roots  and  erect 
stumps  of  trees.  We  had  also  in  the  same  Wealden  many  land-reptiles 
and  winged-insects,  which  renders  the  absence  of  terrestrial  quadrupeds 
the  more  striking.  The  want,  however,  of  any  bonea  of  whales,  seals, 
dolphins,  and  othei'  aquatic  mammalia,  whether  in  the  chalk  or  in  the 
upper  or  middle  oohte,  is  cert^nly  still  more  remarkable.  Formerly, 
indeed,  a  bone  fram  the  great  oolite  of  Enstone,  near  Woodstock,  in  Ox- 
fordshire, was  dted,  on  the  authority  of  Cuvier,  as  referable  to  this  cla^. 
Dr.  Buckland,  who  stated  this  in  his  Bridgewater  Treatise,f  had  the 
kindness  to  send  me  the  supposed  ulna  of  a  whale,  that  Mr.  Owen 
might  examine  into  ite  claims  to  be  considered  as  cetaceous.     It  is  the 


*  See  Bucltland's  Bridgewater  Treatise  ;  and  Brodie'3  Fossil  Insects,  where  it 
is  suggested  that  these  elytra  may  belong  to  Priomus. 
t  Vol  i.  p.  116. 
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opinion  of  that  eminent  comparative  anatomist  that  it  cannot  have 
belonged  to  the  cetac«a,  hecaiiae  the  fore-arm  in  these  marine  mammalia 
ia  iuvariahly  much  flatter,  and  devoid  of  all  muscular  depressions  and 
ridges,  one  of  which  is  bo  prominent  in  the  middle  of  this  hone,  rep- 
resented iji  the  above  cut  (fig.  285).  Ia  sanrians,  on  the  contrary,  such 
ridges  exigt  for  tiie  attachment  of  muscles  ;  and  to  some  animal  of  that 
class  the  bone  is  probably  referable. 

These  observations  are  made  to  prepare  the  reader  to  appreciate  more 
justly  the  interest  felt  by  eveiy  geologist  in  the  discovery  in  the  Stones- 
field  state  of  no  less  than  seven  specimens  of  lower  jaws  of  mammiferous 
quadrupeds,  belonging  to  three  different  species  and  to  two  distinct 
genera,  for  which  the  names  of  Ampkitkenum  and  Pkascolotherium 
have  been  adopted.  When  Ouvier  was  first  shown  one  of  these  fossils 
in  1818,  he  pronounced  it  to  belong  to  a  small  ferine  mammal,  with  a 
jaw  much  resembling  that  of  an  opossum,  but  differing  fi'om  all  known 
ferine  genera,  in  the  gi'eat  number  of  the  molar  teeth,  of  which  it  had 
at  least  ten  in  a  row.  Since  that  period,  a  much  more  perfect  specimen 
of  the  same  fossil,  obtained  hy  Dr.  Buckland  (see  fig.  286),  has  been 


examined  hy  Mr.  Owen,  who  finds  that  the  jaw 
contained  on  the  whole  twelve  molar  teeth,  with 
the  socket  of  a  small  canine,  and  three  smail 
incisors,  which  are  in  situ,  altogether  amount- 
ing to  sixteeen  teeth  on  each  side  of  the  lower 


The  only  question  whicli  could  he  raised  respecting  the  nature  of  these 
fosmis  was,  whether  they  belonged  to  a  mamniafer,  a  reptile,  or  a  iish. 
Now  on  this  head  the  osteologist  observes  that  each  of  the  seven  half 
jaws  is  composed  of  but  one  single  piece,  and  not  of  two  or  more  sepa- 
rate bones,  as  in  fishes  and  most  reptiles,  or  of  two  bones,  united  by  a 
suture,  as  in  some  few  species  belonging  to  those  classes.  The  condyle, 
moreover  (6,  fig.  286),  or  articular  surface,  by  which  the  lower  jaw  unites 
with  the  upper,  is  convex  in  tbe  Stonesfield  specimens,  and  not  concave 
as  in  fishes  and  reptiles.  The  coronoid  process  (a,  fig.  286)  is  well  de- 
veloped, whereas  it  is  wanting  or  very  small,  in  tiie  inferior  classes  of  ver- 
tebrata.     Lastly,  the  molar  teeth  in  the  Ampldtherium  and  Phascolo- 
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tkerium  have  complicated  crowns,  and  two  roots  (see  d,  £g.  !286),  in- 
stead of  being  simple  and  witt  single  fangs  * 

The  only  question,  therefore,  which  could  fmriy  admit  of  controverey 
was  limited  to  this  point,  whether  the  fossil  mammalia  found  in  the 
lowei'  oolite  of  Oxfoi'dshire  ought  to  he  referred  to  the  marsupial  quad- 
mpeds,  or  to  the  ordinary  placental  series.  .  Curier  had  long  ago  pointed 
out  a  pecuUarity  in  the  form  of  the  angular  process  (c,  flgs.  291  and 
)  of  the  lower  jaw,  as  a  character  of  the  genus  Didelphy»  ;  and  Mr. 


Part  of  lower,  tti- of  Dd(()   i/i  isurr 
recent, Brail     Hat  laitiie 
re  1  9  EndTlewMcnihiDilKlilna  ebowtng      Fb  B^  I  Enfl  Uewwen  fl  ii  he  Lnd    howlng 

tbe  very  alight  Inflaction  of  the  angle  at  e  ^  iTie  inflecH™  of  the  angle  ofthe  ja-n ,  c,  a. 

Fig.  am  Side  view  of  same.  FiK  ^i-  Bifle  view  ol  same 

Owen  has  since  estahliahed  its  geneiality  m  the  pntire  marsupial  series. 
In  all  these  pouched  quadiupeds,  this  pioi^ss  is  turned  inwards,  as^  at 
c  d,  fig.  291,  in  the  Brazilian  opossum,  whereas  m  the  placental  series, 
as  at  c,  figs.  290  and  289,  there  is  an  almost  entire  absence  of  sndi^  in- 
SeclJon.  The  Tupaia  Tana  of  Sumatra  has  been  selected  by  my  fiiend 
Mr.  "Waterhouse,  for  tliis  illustration,  because  that  small  insectivorous 
quadruped  bears  a  great  resemblance  to  those  of  the  Stonesfield  Amphi- 
ikeri-um.  By  clearing  away  tbe  matiix  from  the  specimen  of  Ampki- 
tkerium  Frevostii  above  represented  (fig.  286),  Mr.  Owen  ^certained 
fjiat  the  angular  process  (c)  bent  inwards  in  a  sbgbter  degree  than  in 
anji  of  the  tnown  marsupiaha  ;  in  shoit,  the  inflection  does  not  exceed 
that  of  the  mole  or  hedgehog.  This  fact  turns  the  scale  in  favor  of  its 
affinities  to  the  placental  insectivora.  Nevertheless,  the  AmphUhMtim, 
ofl'eis  some  points  of  approximation  in  its  Mteology  to  the  marsupials, 
especially  to  the  MyrmecoUm,  a  small  insectivorous  quadruped  of  Aus- 
tralia, which  has  nine  molars  on  each  side  of  the  lower  jaw,  besides  a 
canine  and  three  ineisors.f 

*  I  have  given  a  figure  in  the  Prindples  of  Geology,  chap.  is.  of  another  Stones- 
field  specimen  oSAmphUheHwn  Prevostii.  in  which  the  aocliets  and  roots  of  the 
teeth  are  finely  exposed. 

I  A  figure  of  this  recent  Mynaeaibivs  will  be  found  in  the  Principles,  chap.  ix. 
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Another  siiecies  of  Amphitkerium  lias  been  found  at  Stoiiesfleld  (fig. 
287,  p.  268),  which  differs  from  the  former  (fig.  286)  principally  in 
being  largei'. 

The  second  mammiferoUiS  gemis  diseorered  in  fie  same  slates  was 
named  originallj'  by  Mr.  Biodeiip  Biddphys  BucMandi  (see  fig.  293), 

Flg.293. 


with  the  livi 
molar  te«th. 
"  n  reviewi 


PAajcotoiAer/uui  Bv/iUandi,  Owar. 
a.  Nsturaltaia  6.  Mularofaame  m^njfieil. 

and  has  since  been  called  Pluiseolotherium  by  Owen.  It  manifests  a 
much  sti'onger  likeness  to  the  marsupials  in  the  general  form  of  the  jaw, 
and  in  the  extent  and  position  of  its  inflected  angle,  while  the  agreement 
■^At-u  tu„  li-ing  genus  Didelphys  in  the  number  of  the  premolar  and 

is  complete.* 

ng,  therefore,  the  whole  of  the  osteological  evidence,  it  will 
be  seen  that  we  have  every  reason  to  presume  that  the  Ampkitlierium 
and  Phascohtherium  of  Stonesfleld  represent  both  the  placental  and 
marsupial  classes  of  mammalia;  and  if  so,  they  warn  us  in  a  most 
emphatic  maraier,  not  to  found  rash  generalizations  respecting  the  non- 
existence of  certain  classes  of  animals  at  particular  periods  of  the  past,  on 
mere  negative  evidence.  The  singular  accident  of  om-  having  as  yet 
found  nothing  but  tlie  lower  jaws  of  seven  individuals,  and  no  other 
bones  of  their  skeletons,  is  alone  sufScient  to  demonstrate  the  fragmenir 
aiy  mannei'  in  which  the  memorials  of  an  ancient  terrestrial  fauna  ai'e 
handed  down  to  us.  We  can  scarcely  avoid  suspecting  that  the  two 
genera  above  described,  may  have  borne  a  lite  insignificant  proportion 
to  the  entire  assemblage  of  warm-blooded  quadrupeds  which  flourished 
in  the  islands  of  the  oolitic  sea. 

Mr.  Owen  has  I'cmarked  that  as  the  Hiarsupial  genera,  to  which  the 
Fhascolotkerium  is  most  nearly  allied,  are  now  confined  to  New  South 
"Wales  and  Van  Dieman's  Land,  so  also  is  it  in  the  Australian  seas,  that 
we  iind  the  Oesfracioii,  a  cartilaginous  fish  which  has  a  bony  palate, 
allied  to  those  called  Acrodus  and  Psammxltm  (see  figs.  307,  308,  p. 
275),  so  common  in  the  oolit*  and  lias.  In  the  same  Austi'alian  seas,  also, 
near  the  sliore,  we  find  the  living  Trigonia,  a  genus  of  mollusca  so  fi«- 
quently  met  with  in  the  Stonesfleld  slate.  So,  also,  the  Araucarian  pines 
are  now  abundant,  together  with  ferns,  in  Australia  and  its  islands,  as 
they  were  in  Europe,  in  the  oolitic  period.  Many  botanists  incline  to  flie 
opinion,  that  the  Thuia,  Pine,  Cycas,  Zamia,  in  short,  all  the  gymno- 
gens,  belong  to  a  less  highly  developed  type  of  flowering  plants  than  do 
the  exogens  ;  but  even  if  tliis  be  admitted,  no  naturalist  can  ascribe  a 
low  standai'd  of  organization  to  the  oohtic  flora,  since  we  meet  with  en- 
*  Owen's  Brifiali  Fossil  Mamroals,  p.  62. 
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Lb_,ena  c  the  most  j-Cffeit  ^tiucture  in  oolitic 
roclf!  botli  ■jl"i?  and  bel  w  tlie  Stonesfield 
slat«,  as  fur  example,  the  Podoeatga  of  Buck- 
land,  a  frmt  allied  to  the  Fandanus,  found  in 
the  Inferior  Oohte  (sea  flg  294),  and  the  Car- 
polUhes  canica  of  the  coral  rig     The  doctirae, 


of   i 


I   of   progressive 


development  at  successive  eias  m  the  animal 
Portion  of  B  tossu  ftnit  of  iv-    and  \  egetable  kmgdoms,  from  be:nga  of  a  more 
SlMS'^t  ^i&)    simple  to  those  of  a  more  complex  oiganization, 
Mori™  oaits,  CMnnontb,    ^^^^^^^  ^  ^^-^^  jf  j,„t  ^  refutation,  from  the  facts 
revealed  to  us  by  the  study  of  the  Lower  Oolites. 
The  Stonesfield  slate,  in  ite  range  from  Oxfordshire  to  the  northeast, 
is  represented  by  flaggy  and  fissile  sandstones,  as  at  Collyweaton  in 
Norliampfonsbire,  where,  according  to  the  researches  of  Messrs.  Ibbet- 
sou  and  Morris,  it  contains  many  shells,  such  aa  Tt-igonia  angulata,  also 
found  at  StonesSeld.     But  the  Northamptonshire  sti'ata  of  this  age  as- 
sume a  more  marine  character,  or  appear  at  least  to  have  been  formed  lar- 
tlier  from  land.     They  inclose,  however,  some  fossil  ferns,  such  as  Pecop- 
teris  polypodioides,  of  spedes  common  to  the  oolites  of  tie  Yorishire 
coast,*  where  rocks  of  this  age  put  on  all  the  aspect  of  a  true  coal-iield ; 
thin  seams  of  coal  having  actually  been  worked  in  them  for  more  than 
a  century. 

In  the  northwest  of  Yorkshire,  the  formation  alluded  to  consists  of  an 
upper  and  a  lower  eorbonaceous  shale,  abounding  in  impressions  of 
plants,  divided  by  a  limestone  considered  l"y  many  geologists  as  the  rep- 
resentative of  the  Great  Oolite  but  the  scarcitj  of  marine  fossils  makes 
all  comparisons  with  the  aubdmsions  idopted  m  the  south  extremely 
difBcult.  A  rich  harvest  of  fossil  fpms  has  been  obtained  from  the  upper 
carbonaceous  shales  and  sandstones  it  Gnstborpe,  near  Scarborough  (see 
figs.  296,  296).  The  lower  ahiles  are  well  exposed  in  tJie  searcliffs  at 
"'"  'tby,  and  are  chiefly  cbara  Wiiv  \  It  fpri  s  and  cycadefe.     They 


'Uioa  co7it;plma.    i^ja.  Cyaa^itsit  comptus.)    Upper  sanasw 
flrlathotpe,  near  ecMOOrongh. 

bbetson  and  Morris,  Report  of  Brit.  As?.  1841,  p. 
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Fig.  896. 


eontein,  also,  a  species  of  caiamite,  and  a  fossil  called  Equisetum  colum- 
nare,  which  mmntains  an  upright  position  in  sandstone  strata  over  a 
wide  area.  Sheila  of  the  geaiia  Cypsis  and  Unio,  collected  by  Mr.  Bean 
from  these  Yorkshire  coal-bearing  beds,  point  to  the  estuary  or  flnviatile 
origin  of  the  deposit. 

At  Brora,  in  Sutherlandshii'e,  a  coal  formation,  probably  coeval  witli 
the  above,  or  belonging  to  some  of  die  lower  divisions  of  the  Oolitic 
period,  has  been  mined  extensively  for  a  century  or  more.  It  aifoKls 
the  thickest  stratum  of  pure  vegetable  matter  hitlierto  detected  in  any 
secondary  rock  in  England.  One  aeam  of  coal  of  good  quality  has  been 
worked  3^  feet  thick,  and  there  ai*  several  feet  more  of  pyritoiis  coal 
resting  upon  it 

Inferior  Oolite. — Between  the  Great  and  Infenor  Oolite,  near  Bath, 
an  argillaceous  deposit  called  "  the  fuller's  earth,"  occurs,  but  is  wanting 
ia  the  nortli  of  England.  The  Inferior  Oolite  is  a  calcareous  freestone, 
usually  of  small  thickness,  which  sometimes  rests  upon,  or  ia  replaced 
by,  yellow  sands,  called  the  sands  of  the  Inferior  Oolite.  These  Jast,  in 
their  turn,  repose  upon  tlie  lias  in  the  south  and  west  of  England. 

Among  the  characteristic  shells  of  tiie  Inferior  Oolite,  I  may  instance 
Tirebratula  spinosa.  (fig,  29Y),  and  Plwladomya  jidicula  (fig.  298), 
The  extinct  genus  Pleurolomaria  is  also  a  form  very  c 


division  as  well  as  in 

Troekns  in  form,  but  is 

right  side  of  tlie  moutJi. 

As  illustrations  of  sii' 
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„    ita  elavellafti.  ■fl-.iind  in   *v.^  tt _..  i  -r   »   .      „  .. 

coUata,  c 


to  Tngmi,  ch„tUa  found  in  the  Uppe,  ,„<1  I„t„i„,  o„Ht.  and  T 


WX,!  """■,"'"«,  »d  I«w«  Oolite;  al,o  0*«, 

J&™*..  (%.  300),  common  to  tie  Conibmh  of  Wilt,  and  the  Infoior 


Oolite  of  TorkJnre     and  Ammmilt,  itriiHlm  IS,  soil 
the  Infenor  OnTilo  onJ  T —  ^^*  ' 


the  Inferior  Ooli(«  and  Lias 


a„  „    f°?    ^  T  "T  "''"'■''  *"  S«™''  ™K  *■«  "irtain  fo„il, 
».  good  d,„„oI„g,al  i.t,  „f  geological  period,;  b„l  they  «„ve  to 

otwlaeh  may  have  a  „d,r,  othcn  a  mote  eonfln«i  vertie.l  ^gT   W. 
have  hefo™  ».n  that,  „  the  .n«»™  terti-y  formation.,  there  ate  spe- 

£f;,"re°.S'  '"  '  """"■"  °"'-  "■*  — '*  »"»-' 
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OOLITE    AND    UA. OOTtimUtd. 

Mi„,iJ  d.,„l„  „,  LI,^„,„.  of  OtTpMl,  li„,.,o.,^,„a  .!.„„„ J  „,,,_ 
I.l%odo„  ,te.-E,ptil..  .f  .1,,  LI«-Icl,a,ro„  and  PI,™."",, 
mal.  «  L«^-»W,.„„  i.a,  i„  otacterJn,  and  l™,cl  Jim„l„„Z. 
2Z°,-  the  0.K,  „d  Li.4  ..d  of  .ll.,„B„g  »l™,n~  d  „X™ 
fo,m.l,„„_o„Mlo  „.l-a.ld  „,  Virginia  ,„  ,i.  iS,fcj  si.t.i         "S""™" 

,i"i7™",''°^'°''  P""""!  "me  of  Liae  h«,  been  very  gener.U; 


fldont^d  f        r        ,-     ^  :       .,7  °"'  ^''"^^'^  oeen  verygeneraUy 

Klopted  for  a  formation  of  argiUaceou,  limeetone,  marl,  and  day,  which 
ornj.  tt.  baec  of  fit.  Oolite,  and  is  cl«.d  by  m'any  g;„l,gist,  „  pat 
of  that  group.  They  pa..,  indeed,  into  each  otter  i„  soSe  pllce.  „ 
™  Batt  a  sand;  marl  eidled  the  marlaton,  of  tt,  Li«  beiig  inL,. 
pos«i,  and  partaking  of  the  mineral  characters  of  the  ,pp«  li„  and  in- 
ferior oolite.     Th«,  last-mentioned  dimioas  have  also Tom,  f„»ils  i. 

Srm.°;  T,  "  ?!"'*?''  ~»«~'"'  (%•  "oa).  Sev»tt.less  tte 
lias  may  be  traced  thronghont  a  great  part  of  Europe  a,  a  separate  aad 
mdependent  giwp,  of  considerable  ttickness,  varying  fi,m  500  to  1000 

lto,lecb,G00gle 
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feet,  contaJning  many  peculiar  fossils,  and  Laving  a 
verj  uiiifonii  lithological  aspect.     Althougli  usually 
conformable  to  ttie  oolite,  it  is  sometimes,  as  in  the 
/nwiwse/      Jura,  uncoEformable.     In  the  environs  of  Lona-le- 
^MJm^^      Saulnier,  for  iniStance,  in  the  department  of  Jura,  the 
•^iMW^  sti'ata  of  liaa  are  ioclined  at  an  angle  of  about  iS  , 

-iBfcBte  ^luimxMs,     ^j^jjg  ^jg  incumbent  oolitic  marls  are  horizontal. 

Tlie  peculiar  aspect  whicb  is  moat  characteristic 
of  the  Lias  in  England,  France,  and  Germany,  is  an  alternation  of  thin 
beds  of  blue  or  gi'ay  limestone  with  a  surface  becoming  lighfrbrown  when 
weathered,  these  beds  being  separated  by  dark-colored  narrow  ar^llace- 
ous  partings,  so  that  the  quanies  of  this  rock,  sit  a  distance,  assume  a 
striped  and  riband-like  appearance.* 

Although  the  prevailing  color  of  tlio  limestone  of  tliis  formation  is 
blue,  yet  some  beds  of  the 
lower  has  are  of  a  yellowish 
white  color,  and  have  been 
called  white  lias.  In  some 
parts  of  Fiance,  near  the 
\  jsges  m  untams,  and  in 
Lu\emb'iuig,M  K  de  Beau- 
mout  his  shown  tiiat  the 
h  IS  contaimng  Gryphxa  ar- 
euata,  Plagiostoma  gigwaU- 
MM  (see  fig  303),  and  other 
characfeiiatic  foisds,  becomes 
arenaceous,  "ind  around  the 
Hartz,  m  Westphalia  and  Ba- 
i,  the  mfeiior  parts  of  the 


Flagioaloma  yiaaiitmem. 


has  are  aand>,  and  sometimes  ifloid  i  bmiding  stone 

The  name  of  Gryphit«iimesti-ne  has  sometimes  been  applied  to  the 
lias  in  consequence  of  the  great  number  of  sliells  which  it  contains  of  a 
species  of  oyster,  or  Oryph<ea  (fig,  304,  see  also  fig.  30,  p.  29).     Many 


cephalopoda,  also,  such  as  Ammonite,  Belemnile,  and  IfauUlus  {fig.  306), 
piove  the  marine  origin  of  the  formation. 

*  Coiijb.  and  PhiL  p.  261, 
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The  fossil  fish  resemhle  generically  those  of  the  oolite,  belon^ng  all, 
according  to  M.  Agassiz,  to  extinct  genera,  and  differing  remarkably  from 
the  ichthyolites  of  the  Cretaceous  period-  Among  them  is  a  spedes  of 
Zepidotus  (L.  gigas,  Agas.)  (fig.  306),  which  is  found  in  the  lias  of 


England,  France,  and  Germany.*  This  genus  was  before  mentioned 
(p.  229)  as  oecnrring  in  the  Wealden,  aad  is  supposed  to  have  fi'equented 
both  rivers  and  coasts.  The  teeth  of  a  species  of  Acrodvs,  also,  are  very 
abundant  in  the  tias  {fig.  307.) 


But  the  remains  of  fish  ivhiJi  ha*  excited  more  ittpntion  than  any 
others,  aie  those  loige  bony  ■jprne?  calJel  K-hth/ochtuhtes  {Q,,flg.  308), 
which  were  once  suppcsed  by  some  iiatuiilists  to  be  jan',  -ml  b 


weapons,  resembling  those  oi ^^XWmg Balistes  ^nA  Sdurus ,  hut  ;\hich 
M.  AgassiK  has  shown  to  he  neither  the  one  nor  the  other.  The  spines, 
in  tie  genera  last  mentioned,  articulate  with  the  backbone,  whereas  there 
are  no  signs  of  amy  sueh  articulation  in  the  ichthyodorulites.    These  last 

*  Agasaiz,  Puis.  Fo5.  vol.  ii.  tab.  38,  29. 
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appear  to  have  been  bony  spines  which  foimed  the  anterior  part  of  the 
doraal  fin,  lite  that  of  the  hving  genera  Gestradon  and  GHmcera  (see  a, 
fig.  309).     In  boUi  of  these  genera,  the  posterior  concave  face  is  armed 


I,  Spine  fo 


with  small  spices  like  that  of  the  fossil  Hyhodua  (flg.  308),  one  of  the 
sharfc  family  found  fossil  at  Lyme  Regis.  Such  spines  are  simply  im- 
bedded in  the  flesh,  and  attached  to  strong  muscles.  "  They  serve,"  says 
Dr.  Bnciklaiid,  "  as  in  the  Ghimmra  (fig.  309),  to  raise  and  depress  the 
fin,  their  action  resembling  that  of  a  movable  mast,  raiang  and  lowering 
backwards  the  sail  of  a  barge."f 

BeptUes  of  the  Lias. — It  is  not,  however,  the  fossil  fish  which  form 
the  most  striMng  feature  in  the  organic  remains  of  the  Lias ;  but  the 
reptiles,  which  are  extraordinary  for  their  number,  size,  and  structure. 
Among  the  most  singular  of  these  are  several  species  of  Xchihyosaurm 
and  Plesiosaurus.     The  genus  Ichthyosauri  fi  h  h      1,  is  not  con- 

fined to  this  formation,  but  has  been  found  in  at,  is  h  is  the  challt- 
mari  and  gault  of  England,  and  as  low  as  th  mus  h  Ha  k  of  Germany, 
a  formation  which  immediately  succeeds    h     h  he  descending 

order.J  It  is  evident  fkim  their  fish-lite  teb  se  h  ir  paddles,  re- 
sembling those  of  a  porpoise  or  whale,  the  length  f  h  t.  and  other 
parts  of  their  structure,  that  the  habits  of  the  Ichthyosaurs  were  aquatic 
Their  jaws  and  teeth  show  that  they  were  carnivorous ;  and  the  half- 
digested  remains  of  fishes  and  reptiles,  found  within  their  skeletons,  in- 
dicate the  precise  nature  of  their  food.§ 

A  specimen  of  the  hinder  fin  or  paddle  of  Ichthyosaurus  eommunis 
was  discovered  in  1840  at  Bari'ow-on-Soar,  by  Sir  P.  Egerton,  which 
distincUy  exhibits  on  its  posterior  margin  the  remains  of  cartilaginous 
rays  that  bifurcate  as  they  approach  the  edge,  like  those  in  the  fin  of  a 
fish  (see  a,  fig.  312).  It  had  previously  been  supposed,  says  Mr.  Owen, 
that  the  locomotive  organs  of  the  Ichthyosaurus  were  enveloped,  while 
firing,  in  a  smooth  integument,  like  that  of  the  turtle  and  porpoise, 
which  has  no  other  support  than  is  afforded  by  the  bones  and  ligaments 
within ;  but  it  now  appears  that  the  fin  was  much  larger,  eiipanding  far 

*  Agassi?,  PoisBons  Fossiles,  vol.  iii.  tab.  C.  fig.  1. 

f  Bridgewater  Treatise,  p.  290,  i  Ibid.  p.  168.  %  Ibid.  p.  187. 
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bpyond  Jte  osseous  fi  imeworfe  and  deviating  widely  in  its  fisli  like  rays 
from  tlip  ordinary  reptilian  type  In  fig  312,  the  postpriw  bones  or 
digital  ossicles  cf  tte  piddle  aie  seen  neir  6  ,  and  beyond  these  la  tlie 
dark  carbonized  mtegumeiit  of  the  teimmal  half  of  the  fin,  the  outhne 
of  which  js  beiutifully  defined  *  Mr  Owen  believes  thit,  besides  the 
forepaldles,  these  short  and  stiff  necked  saunans  were  tuinished  with  i 
tail  fin  without  hones  and  purelj  tegument  iry  expinding  in.  a  vertical 
direction ,  an  organ  of  motion  which  enabled  them  to  turn  their  heads. 
?apidlT  f 

t  Geol  Soe  Proceedings  vol  ui  p  157  IbS^ 
\  beoi.  Traps.  Second  Series,  voL  i.  p.  511. 
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Mr.  Conybeare  was  enabled,  in  1834,  after  examining  many  si 
nearly  perfect,  to  give  an  ideal  restoration  of  the  osteology  of  this  genus, 
and  of  that  of  the  Plesiomurtts.*  (See  figs,  310,  311.)  The  latter  an- 
imal had  an  extremely  long  neck  and  small  head,  with  teeth  like  those 
of  the  crocodile,  and  paddles  analogous  to  those  of  the  Ichthyosaurus, 
but  laiger.  It  ia  supposed  to  have  lived  in  shallow  seas  and  estuaries, 
and  to  have  breathed  air  like  the  lohthyosanr,  and  our  modem  cetacea.f 
Some  of  the  reptiles  above  mentioned  were  of  formidable  dimensions. 
One  spedmen  oilchthyosaurus  platyodon,  from  the  lias  at  Lyme,  now  in 
the  British  Museum,  must  have  belonged  to  an  animal  more  than  24 
feet  in  length ;  and  another  of  the  Pksmawrus,  in  the  same  collection, 
is  11  feet  long.  The  form  of  the  Ichthyosaurus  may  have  fitted  it  to 
cut  through  the  waves  hfce  the  porpoise ;  but  it  is  suppoaed  that  the 
Plesiosaurus,  at  least  the  long-necked  species  (fig.  311),  was  better 
suited  to  fish  in  shallow  creeks  and  bays  defended  from  heavy  breakers. 

In  many  specimens  both  of  Ichthyosam  and  Pleaiosaur  the  bones  of  the 
head,  neck,  and  tail  are  in  their  natural  position,  while  those  of  the  rest 
of  the  skeleton  are  detached  and  in  confusion,  Mr.  Stufchburg  has 
suggested  that  their  bodies  alt«r  death  became  inflated  with  gases,  and, 
while  the  abdominal  viscera  were  decomposing,  the  bones,  though  dis- 
united, were  retained  within  tie  tough  dermal  covering  as  in  a  bag,  undl 
the  whole,  becoming  water-logged,  sank  to  the  bottom.J  As  they  be- 
longed to  individuals  of  all  ages,  they  are  supposed,  by  Dr.  Buckland, 
to  have  experienced  a  violent  deatJi ;  and  the  same  conclusion  might  also 
be  drawn  from  their  having  escaped  tiie  attacks  of  their  own  predacious 
race,  or  of  fishes,  found  fossil  in  the  same,  beds. 

For  the  last  twenty  years,  anatomists  have  agreed  that  these  extinct 
sauriana  must  have  inhabited  the  sea ;  and  it  was  argued  that,  as  there 
are  now  chelonians,  like  the  tortoise,  living  in  fresh  water,  and  others. 


X  Ciuaiterly  Geol.  Juurnal,  vol.  ii,  p.  411. 


-=b,Google 


Ch.  XXI.]  LIAS — SADKIANS.  279 

as  the  turtle,  frequenting  tlie  oi^an,  eo  iJiere  may  have  teen  formerly 
some  saurians  proper  to  salt,  othem  to  fresh  water.  The  common  croco- 
dile of  tlie  Ganges  is  well  tnown  to  frequent  equally  that  river  and  the 
hrackish  and  saJt  water  near  its  mouth  ;  and  crocodiles  are  said  in  lite 
manner  to  he  abundant  hoth  in  the  rivers  of  the  IsJa  de  Pinos  (or  Isle  of 
Pines),  south  of  Cuba,  and  in  the  open  sea  round  tie  coast.  More  re- 
cently a  saurian  has  been  discovered  of  aquatic  habits  and  exclusively 
marine.  This  creature  was  found  in  the  Galapagos  Islands,  during  the 
visit  of  H.  M.  8.  Beagle  to  that  archipelago,  in  1835,  and  its  habits 
were  then  observed  by  Mr.  Darwin.  The  islands  alluded  to  are  situated 
under  the  equator,  nearly  600  miles  to  the  westward  of  the  coast  of 
South  America.  They  are  volcanic,  some  of  them  being  3000  or  4000 
feet  high ;  and  one  of  them,  Albemarle  Island,  15  miies  long.  The 
dimafe  is  mild ;  very  little  rmn  falls ;  and,  in  the  whole  archipelago, 
there  is  only  one  rill  of  fresh  water  that  reaches  the  coast.  The  soil  is 
for  the  most  part  dry  and  harsh,  and  the  vegetation  scanty.  The  birds, 
reptiles,  plants,  and  insects  are,  with  very  few  exceptions,  of  aped^ 
found  nowhere  else  in  the  world,  although  all  partate,  in  their  general 
form,  of  a  South  American  type.  Of  the  mammalia,  says  Mr.  Danvin, 
one  species  alone  appears  to  be  indigenous,  namely,  a  large  and  peculiar 
kind  of  mouse ;  but  tte  number  of  lizards,  tortoises,  and  snakes  is  so 
great,  that  it  may  be  called  a  land  of  reptiles.  The  variety,  indeed,  of 
species  is  small ;  but  the  individuals  of  each  are  in  wonderful  abundance. 
There  is  a  turtle,  a  large  tortoise  {Testttdo  Indicus),  four  lizards,  and 
about  the  same  number  of  snakes,  but  no  fi'ogs  or  toads.  Two  of  the 
lizards  belong  to  the  family  Igwinidce  of  Bdl,  and  to  a  peculiar  genus 
{^Amhlyrhynckus)  established  by  fbat  naturalist,  and  so  named  from 
their  obtusely  truncated  head  and  short  snout.*  Of  these  lizaiiis  one 
is  terrestrial  in  its  habits,  "and  burrows  in  the  ground,  swarming  every- 
where on  the  land,  having  a  round  tail,  and  a  mouth  somewhat  reaem- 
bhng  in  ibrm  that  of  the  tortoise.  The  other  is  aquatic,  and  has  its  tail 
\  laterally  for  swimming  (see  iig.  313.)     "This  marine  saurian," 


AfiSAuf,  amhlijs,  blunt ;  ami  finyx'!!  fhytichus. 
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says  Mr.  Darwin,  "  m  extreniely  common  on  all  the  islands  tiirougfiout 
the  archipelago.  It  lives  exclusively  on  the  rocky  searbeaches,  and  I 
never  saw  one  even  ten  yards  inshore.  The  usual  length  is  about  a 
yard,  but  there  are  some  even  4  feet  long.  It  is  of  a  dirty  black  color, 
sluggish  in  its  movements  on  the  land ;  but,  when  in  the  water,  it  swims 
with  perfect  ease  and  quickness  by  a  serpentine  movement  of  its  body 
and  flattened  taiJ,  the  legs  duiing  this  time  being  motionless,  and  closely 
collapsed  on  its  sides.  Their  limbs  and  sti'ong  claws  are  admirably 
adapted  for  crawling  over  the  rugged  and  fissured  masses  of  lava  which 
everywhere  form  the  coast.  In  such  situations,  a  group  of  six  or  seven 
of  these  hideous  reptiles  may  oftentimes  be  seen  on  the  black  rocks,  a 
few  feet  above  tlie  surf,  basking  in  the  sun  with  outstretched  legs. 
Their  stomachs,  on  being  opened,  were  found  to  be  largely  distended 
with  minced  sea-weed,  of  a  kind  which  grows  at  the  bottom  of  the  sea 
at  some  little  distance  from  the  coast.  To  obtain  this,  the  lizards  go  out 
lo  sea  in  shoals.  One  of  these  animals  was  sunk  in  salt-water,  from 
the  ship,  with  a  heavy  weight  attached  to  it,  and  on  being  drawn  up 
again  after  an  hour  it  was  quite  active  and  tmharmed.  It  is  not  yet 
known  by  the  inhabitants  where  this  animal  lays  its  eggs;  a  sin- 
gulai'  feet,  consideiing  its  abundance,  and  that  the  natives  are  well 
acquainted  with  the  eggs  of  the  teiTeatiial  AmMyrhyiKkm,  which  is  also 


In  those  deposits  now  forming  by  the  sediment  washed  away  irom  the 
wasting  shores  of  the  Galapagos  Islands  the  remains  of  saurians,  both  of 
the  land  and  sea,  as  well  as  of  chelonians  and  fish,  may  be  mingled  with 
marine  shells,  without  any  bones  of  land  quadrupeds  or  bstrachian  rep- 
tiles ;  yet  even  here  we  should  expect  the  remains  of  marine  mammalia 
to  be  imbedded  in  the  new  strata,  for  there  are  seals,  besides  several 
kinds  of  cetacea,  on  the  Galapagian  shores ;  and,  in  this  respect,  tlie 
parallel  between  the  modem  fauna,  above  described,  and  the  ancient  one 
of  the  lias,  would  not  hold  good. 

Sudden  destruction  of  mziriam. — It  has  been  remarked,  and  truly, 
that  many  of  the  fish  and  saurians,  found  fossil  in  the  lias,  must  have 
met  with  sudden  death  and  immediate  burial ;  and  that  the  destructive 
operation,  whatever  may  have  been  ifs  nature,  was  often  repeated. 

"  Sometimes,"  saya  Dr.  Buckland,  "  seai'ceiy  a  single  bone  or  scale  has 
been  removed  from  the  place  it  occupied  during  hfe ;  which  could  not 
have  happened  had  the  uncovered  bodies  of  these  saurians  been  left, 
even  for  a  few  hours,  exposed  to  putrefaction,  and  to  the  attacks  of  fishes, 
and  other  smdler  animals  at  the  bottom  of  the  8ea."f  Not  only  are  the 
skeletons  of  the  Ichthyosaurs  entire,  hut  sometimes  the  contents  of  their 
stomachs  still  remain  between  their  ribs,  as  before  remarked,  so  that  we 
can  discover  the  particular  species  of  flsh  on  which  they  lived,  and 
the  form  of  their  excrements.  Not  unfrequeutly  there  are  layers  of 
these  coprolites,  at  different  depths  in  the  lias,  at  a  distance  from  any 

*  DarwiB's  Joarpal,  chap.  xix.  \  Bridgew.  Treat,  p.  12G. 
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entire  steletOBS  of  the  marine  lizards  from  whiek  they  were  derived  "as 
if,"  says  Sir  H.  De  la  Becte,  "  tfie  muddy  bottom  of  the  sea  received 
small  sudden  accessions  of  matter  from  time  to  time,  covering  up  the 
coprolites  and  other  exnvise  which  had  accumulated  during  the  inter- 
vals."* It  is  farther  stated  tiiat,  at  Lyme  Regis,  those  surfaces  only  of 
the  eoprolites  which  lay  uppermost  at  the  bottom  of  the  sea  have  suf- 
fered partial  decay,  fi-om  the  action  of  water  before  they  were  covered 
and  protected  by  the  muddy  sediment  that  has  afterwards  permanently 
enveloped  them.f 

Numerous  specimens  of  the  pen-and-ink  fish  {Sepia  loligo,  Lin. ;  Lo- 
liffo  vulgaris,  Lam.)  have  also  been  met  with  in  the  lias  at  Lyme,  with 
the  ink-bags  still  distended,  contMning  fie  ink  in  a  dried  state,  chiefly 
composed  of  carbon,  and  but  sUghtiy  impregnated  with  carbonate  of 
hme.  These  cephalopoda,  tiierefore,  must,  like  the  saurians,  have  been 
soon  buried  in  sediment ;  for,  if  long  exposed  after  death,  the  membrane 
containing  the  ink  would  have  decayed.^ 

As  we  know  that  river  fish  are  sometimes  stifled,  even  in  their  own 
element,  by  muddy  water  during  floods,  it  cannot  be  doubted  that  the 
periodical  discharge  of  large  bodies  of  turbid  fi'esh  water  into  tlie  sea 
may  be  slill  more  tatal  to  marine  tribes.  In  tiie  Principles  of  Geology 
I  have  shown  that  large  quantities  of  mud  and  drowned  animals  have 
been  swept  down  into  the  sea  by  rivers  during  earthquakes,  as  in  Java, 
in  1699  ;  and  that  nndescribable  multitudes  of  dead  fishes  have  been 
seen  floating  on  tiie  sea  after  a  discharge  of  noxious  vapors  during  simi- 
lar convulsions.§  But,  in  the  intervals  between  such  catastrophes,  strata 
may  have  accumulated  slowly  in  tiie  sea  of  the  lias,  some  being  formed 
chiefly  of  one  description  of  shell,  such  as  ammonites,  otiiers  of  gryphites. 
Prom  the  above  remarks  the  reader  will  infer  tiiat  the  lias  is  for  the 
most  part  a  marine  deposit.  Some  members,  however,  of  the  series, 
especially  in  the  lowest  part  of  it,  have  an  estuary  character,  and  must 
have  been  formed  withm  the  influence  of  rivers.  In  Gloucesterehire, 
where  thei'e  is  a  good  type  of  the  lias  of  the  "West  of  England,  it  may 
be  divided  into  an  upper  mass  of  shale  with  a  base  of  marlstone,  and  a 
lower  scries  of  shales  with  underlying  limestones  and  shales.  "We  loam 
from  the  researches  of  the  Rev.  P.  E.  Brodie,]]  that  in  the  superior  of 
these  two  divisions  numerous  remains  of  insects  and  plants  have  been 
detected  in  several  places,  mingled  with  marine  shells  ;  but  in  the  infe- 
rior division  similar  fossils  are  still  Jnore  plentiftd.  One  band,  rarely 
exceeding  a  foot  in  thickness,  has  been  named  the  "  insect  limestone."  It 
passes  upwards  into  a  shale  containing  Cypris  and  Estlieria,  and  is 
chai'ged  with  the  wing-eases  of  several  genera  of  ooleoptera,  and  with 
some  nearly  entire  beeties,  of  which  the  eyes  are  preserved.  The  nei'- 
vufes  of  the  wings  of  neuropterous  insects  (fig.  Sl^)  are  beautifully  per- 

*  Oeolo^cal  ResearcheE,  p.  S34. 

t  BucMand,  Biidgew.  Treat,  p.  301,  X  ^'^• 

§  See  Principles,  Index,  Lancerote,  Graham  Island,  Calabria. 

\  A  hiatoij  of  Fossil  Insects,  ifeo.  1845,    London. 
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a  tliis  bed.     Fans,  witli   leaves  of 

cotyledonous    plants,   and  freshwater 

b  as  Cyclas  and  Unto,  accompany 

1  some  places,  while  in  others 

marine  shells  predominate,  the  fossils  vaiy- 

, g  apparently  as  we  examine  the  bed  nearer 

■    ■    "  ^■'  or  farther  from  the  ancient  land,  or  the  source 

whence  the  freshwater  was  deiived.  There  are  two,  or  even  three,  hands 
of  "  insect  limestone"  in  several  sections,  and  they  have  been  ascertained 
by  Mr.  Brodie  to  retiun  the  same  Ktbologieal  and  zoological  diaracters 
when  traced  from  the  centre  of  Warwickshire  to  the  borders  of  the 
southern  pait  of  Wales.  After  studying  300  specimens  of  these  insects 
from  the  lias,  Mr.  Westwood  declares  that  they  comprise  both  wood- 
eating  and  hetb-devouring  beetles  of  the  Linnean  genera  Elater,  Carw- 
hua,  &c^  besides  grasshoppers  [Gryllus),  and  detached  wings  of  dragon- 
flies  and  may-flies,  or  inseete  referable  to  the  Linnean  genera  Liiellula, 
Epkemsra,  ifemerohi-aa,  and  Panorpa,  in  all  belonging  to  no  less  than 
twenty-four  tamihes.  The  size  of  the  species  is  usually  small,  and  such 
as  taien  alone  would  imply  a  temperate  climate ;  but  many  of  the  as- 
sociated organic  remains  of  other  classes  must  lead  to  a  different  condu- 

Fossil  plants. — Among  the  vegetable  remains  of  the  Lias,  several 

spedes  of  Zatnia  have  been  found  at  Lyme  Regis,  and  the  remains  of 

coniferous  plants  at  Whitby.     Fragments  of 

Tig.  S15.  wood  are  common,  and  often  converted  into 

hmestone.     That  some  of  this  wood,  though 

soft  when  it  first  lay  at 

e  bottom  of  the  sea,  is  shown  by  a  speci- 

luseum  of  the  Geological 

.Society  (see  fig.  315),  which  has  the  form 

of  an  ammcmite  indented  on  its  surface. 

M.  Ad.  Bmngniart  enumerates  forty-seven  liassie  acrogens,  most  of 

them  ferns  ;  and  fifty  gymnogens,  of  which  thirty-nine  are  cycads,  and 

eleven  conifers.    Among  the  cycads  the  predominance  of  Zamites.  and 

Nilscmn,  and  among  the  ferns  the  numerous  genera  with  leaves  liaving 

reticulated  veins  (as  in  fig,  296,  p.  272),  are  mentioned  as  botanical 

characteristics  of  this  era.* 

Origin  of  the  Oolite  and  Lias.—li  we  now  endeavor  to  restore,  in 
imagination,  tie  ancient  condition  of  the  European  era  at  the  peiiod  of 
the  Oolite  and  Lias,  we  must  conceive  a  sea  in  which  the  gi'owth  of 
coral  reefe  and  shelly  limestones,  after  proceeding  without  interruption 
for  ages,  was  liable  to  be  stopped  suddenly  by  lie  deposition  of  clayey 
sediment  Then,  again,  the  argillaceous  matter,  devoid  of  corals,  was 
deposited  for  ages,  and  attained  a  thickness  of  hundreds  of  feet,  until 
another  period  aiidved  when  the  same  space  was  again  occupied  by  cal- 

*  Tableau  desTeg.  Fos.  1849,  p.  105. 
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careous  sand,  or  soKd  rocts  of  shell  and  coral,  to  be  again  succeeded  by 
the  reeuMmLC*  of  another  period  of  argillaceous  deposition,  Mr,  Cony- 
beare  has  remarked  of  the  entire  group  of  Oolite  and  Lias,  that  it  consists 
of  repeated  alternations  of  clay,  sandstone,  and  limestone,  following  each 
other  in  the  same  order.  Thns  the  clays  of  the  lias  are  followed  by  the 
sands  of  the  inferior  ooMte,  and  these  again  by  shelly  and  coralline  hme- 
stone  (Bath  oohte,  ifec.)  ;  so,  in  the  middle  oolite,  the  Oxford  clay  is  fol- 
lowed by  calcai'oous  grit  and  "  coral  rag ;"  lastly,  in  the  upper  oohte,  the 
Eimmeridge  clay  is  followed  by  the  Portland  sand  and  limestone.*  The 
day  beds,  however,  as  Sir  H.  De  la  Beche  remarks,  can  be  followed 
over  larger  areas  than  the  sands  or  sandstones.f  It  should  also  be  re- 
membered that  while  the  oolitic  system  becomes  arenaceous,  and  resem- 
bles a  coal-field  in  Yorkshire,  it  assumes,  in  the  Alps,  an  almost  purely 
calcareous  form,  the  sands  and  days  being  omitted ;  and  even  in  the 
intervening  tracts,  it  is  more  complicated  and  variable  than  appears  in 
ordinary  descriptions.  Nevertheless,  some  of  the  days  and  intervening 
limestones  do,  in  reality,  retain  a  pretty  uniform  character,  for  distances 
of  from  400  to  600  miles  from  east  to  west  and  north  to  south. 

Aecoiding  to  M,  Thirria,  the  entire  oolitic  group  in  the  department  of 
the  Haute  Safine,  in  Fi-ance,  may  be  equal  in  thickness  to  that  of  Eng- 
land ;  but  the  importance  of  the  argillaceous  divisions  is  in  the  inverse 
ratio  to  that  whidi  they  exhibit  in  England,  where  they  are  about  equal 
to  twice  the  thickness  of  the  limestones,  whereas,  in  the  pMt  of  France 
alluded  to,  they  reach  only  about  a  third  of  that  thickness.};  In  the 
Jura  the  days  are  still  thinner ;  and  in  the  Alps  they  thin  out  and 
almost  vanish. 

In  order  to  account  for  such  a  succession  of  events,  we  may  imagine, 
first,  the  bed  of  the  ocean  to  be  the  receptacle  for  ages  of  fine  argillar 
ceons  sediment,  brought  by  oceanic  currents,  which  may  have  communi- 
cated with  rivers,  or  with  pai't  of  the  sea  near  a  wasting-  coast  This 
mud  ceases,  at  length,  to  be  conveyed  to  the  same  region,  dther  because 
the  land  whidi  had  previously  suffered  denudation  is  depressed  and  sub- 
merged, or  because  the  current  is  deflected  in  another  direction  by  the 
altered  shape  of  the  bed  of  the  ocean  and  neighboring  dry  land.  By 
snch  changes  the  water  becomes  once  more  dear  and  fit  for  the  growth 
of  stony  zoophytes.  Calcareoiis  sand  is  then  formed  from  comminuted 
shell  and  coral,  or,  in  some  cases,  ai-enaceous  matter  replaces  the  day ; 
because  it  commonly  happens  that  the  finer  sediment,  being  first  drifted 
farthest  from  coasts,  is  subsequently  overspread  by  coarse  sand,  after  the 
sea  has  grown  shallower,  or  when  the  land,  increasing  in  extent,  whether 
by  upheaval  or  by  sediment  filling  up  parts  of  the  sea,  has  approached 
nearer  to  the  spots  first  occupied  by  fine  mud. 

In  order  to  account  for  another  great  formation,  like  the  Oxford  day, 
again  covering  one  of  coral  limestone,  we  must  suppose  a  sinking  down 

•  Con,  and  PLil.  p.  188.  t  GeoL  Eeflearehos,  p.  387, 

I  Butat'a  lyAubuisson,  tonj.  ii.  p.  456. 
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like  that  wliich  is  now  taking  place  in  some  existing  regions  of  eoval 
between  Australia  and  South  America.  Tlie  occuxrence  of  subsidences, 
on  so  vast  a  scale,  may  have  caused  the  bed  of  the  ocean  and  the  adjoin- 
ing land,  throughout  great  parts  of  the  European  area,  to  assume  a 
Bhape  favorable  (o  the  deposition  of  another  set  of  clayey  strata ;  and 
this  change  may  have  been  succeeded  by  a  series  of  events  analogous  to 
that  dready  explained,  and  these  again  by  a  third  series  in  similar  order. 
Both  the  ascending  and  descending  movemente  may  have  been  extremely 
slow,  like  those  now  going  on  in  the  Pacific ;  and  the  growth  of  every 
stratum  of  coral,  a  few  feet  of  thickness,  may  have  required  centuries 
for  its  completion,  during  which  certain  species  of  organic  beings  disap- 
peared from  the  earth,  and  others  were  introduced  in  their  place;  so  that, 
in  each  set  of  strata,  from  the  Upper  Oolite  to  the  Lias,  some  peculiar 
and  characteristic  fossils  were  imbedded. 

Oolile  and  Idas  of  the  United  States. 

There  are  large  tracts  on  the  globe,  as  in  Eussia  and  the  United  States, 
where  all  the  members  of  the  oolitic  series  are  umepresented.  In  the 
state  of  Virginia,  however,  at  tie  distance  of  about  13  miles  eastward 
of  Richmond,  the  capital  of  that  state,  there  is  a  regular  coal-field  oc- 
curring in  a  depression  of  the  gi'anite  rocks  {see  section,  fig.  316),  which 

rig.  316. 

li  111  i  i 


SecUoQ  Bhowing  the  geotogicd  poaiaon  of  Ihe  James  Eiver.  or  East  Virginian  Cosl.fleld. 
O.  TerUaty  stratn.  ■      D.  Drift  or  imeient  aUmium. 

Professor  "W.  B.  Rogers  first  correctly  refer.'ed  to  the  age  of  the  lower 
part  of  the  Jurassic  group.  This  opinion  I  was  enabled  to  confirm  after 
collecting  a  large  number  of  fossil  plants,  fish,  and  shells,  and  examining 
the  coal-field  throughout  its  whole  area.  It  extends  26  miles  from  north 
to  south,  and  from  4  to  12,  from  east  to  west.  The  plants  consist  chiefly 
of  zamites,  calamites,  and  eqnisetums,  and  these  last  are  very  commonly 
met  with  in  a  vertical  position  more  or  less  compressed  perpendicularly. 
It  is  clear  that  they  grew  in  the  places  where  they  now  lie  bnried  in 
strata  of  hardened  sand  and  mud.  I  found  them  maintaining  their  erect 
attitude,  at  points  many  miles  distant  from  others,  in  beds  both  above 
and  between  the  seams  of  coal.  In  order  to  explain  this  fact  we  must 
suppose  such  shales  and  sandstones  to  have  been  gradually  accumulated 
during  the  slow  and  repeated  subsidence  of  the  whole  region. 

It  is  woi-tliy  of  remark  that  the  Equiaetum  eolumnare  of  these  Vir- 
ginian rocks  appears  to  be  undisfinguishable  from  the  species  found  in 
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the  oolitic  sandstones  near  Whitby  in  Yorkshire,  where  it  also  is  met 
mith  in  an  upright  position.  One  of  the  American  ferns,  Pecopteris 
Whitbyensis,  is  also  a  species  common  to  the  Yorkshire  ooMtes.*  These 
Virginian  coal-measures  are  composed  of  grita,  sandstones,  and  shales, 
axaeUy  resemhling  those  of  older  or  primary  date  in  America  and  Eu- 
rope, and  thej  rival  or  even  surpass  the  latter  in  the  richness  and  thick- 
ness of  the  seams.  Chie  of  these,  the  main  seam,  is  in  some  places  from 
30  to  40  feet  thick,  competed  of  pure  bitmniiioiis  coal.  On  descending 
a  shaft  800  feet  deep,  in  the  Blackheath  mines  in  Chesterfield  county,  I 
found  myself  in  a  chamber  more  than  40  feet  high,  caused  by  the  re- 
moval of  this  coal.  Timber  props  of  great  strength  supported  the  roof; 
but  they  were  seen  to  bend  under  the  incumbent  weight.  The  coal  is 
like  the  finest  kinds  shipped  at  Newcastle,  and  when  analyzed  yields  the 
same  proportions  of  carbon  and  hydi'ogen,  a  fact  worthy  of  notice  when 
we  consider-  that  this  fuel  has  been  derived  from  an  assemblage  of  plants 
very  distinct  specifically,  and  in  part  generically,  from  those  which  liave 
contributed  to  the  formation  of  the  ancient  or  paleozoic  coal. 

The  fossil  fish  of  these  Eiehmond  strata  belong  to  the  liassio  genus 
Telmgonolepis,  and  to  a  new  genus  which  I  have  called  I>kty<^yge. 
Shells  are  very  rare,  as  usually  in  all  coal-bearing  deposits,  but  a  species 
of  Poaidommya  is  in  such  profusion  in  some  shaley  beds  as  to  divide 
them  like  the  plates  of  mica  in  micaceous  shales  (see  fig.  3 1 7). 


In  India,  especially  in  Cut«h,  a  formation  occurs  clearly  referable  to 
the  oolitic  and  Massio  type,  as  shown  by  the  shells,  corals,  and  plants ; 
and  there  also  coal  has  been  procured  ftwm  one  member  of  the  group. 

»  See  deBcription  of  the  coal-field  by  the  author,  and  the  plants  by  C.  J.  F. 
Bunbury,  Eaq.,  Quart.  Oeol.  Joorn,  vol,  iiL  p.  281. 
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Distinction  between  JTew  and  Old  Red  Sandstone — Between  Uppec  and  Lower 
New  Red — The  Trias  and  its  throe  diviaiona — Most  largely  developed  in  Ger- 
manj— Keuper  and  its  foasils—Musohelkalk— Possil  plants  of  Bunter— TriaaHio 
group  in  England — Bone  bed  of  Asmouth  and  Anst — Red  Sandstone  of  War- 
wickshire and  Cheshire — Footsteps  of  Chirotkerhim  in  England  and  Germany 
— Osteology  of  the  Lahyrinthodsn — Identification  of  this  Batrachian  with  the 
Chii^otherium — Origin  of  Ited  Sandstone  and  rock-aalt — Hypothesis  of  saline 
yoleanic  exhalations — Tlieory  of  the  precipitation  of  salt  from  inland  Jakes  or 
lagoons— SallneES  of  the  Red  Soa— New  Red  Sandstone  in  the  United  States- 
Fossil  footprints  of  birds  and  reptiles  m  the  Valley  of  the  Conneoticnt — An- 
laquity  of  the  Red  Sandstone  containing  them. 

Between  the  Lias  and  the  Coal,  or  Carboniferous  group,  there  is  in- 
terposed, in.  the  midland  and  western  counties  of  England,  a  great  series 
of  red  loams,  sKales,  and  sandstones,  to  which  the  name  of  the  New 
Eed  Sandstone  formation  was  first  given,  to  distinguish  it  from  other 
shales  and  sandstones  called  the  "  Old  Red"  (c,  fig.  318),  often  identical 
in  mineral  character,  which  lie  immediately  beneath  the  coal  (6), 


The  name  of  "  Ked  Marl"  has  been  incorrectly  applied  to  the  red  claya 
of  this  formation,  as  before  explained  {p.  13),  for  they  are  remarkably 
free  from  calcareous  matter.  Tlie  absence,  indeed,  of  carbonate  of  lime, 
as  well  as  the  scarcity  of  organic  remmns,  together  with  the  bright  red 
color  of  most  of  the  rocks  of  this  group,  causes  a  strong  contrast  between 
it  and  tiie  Jurassic  formations  before  described. 

Before  the  distinctness  of  the  fossil  remains  characterizing  the  upper 
and  lowei'  part  of  the  English  New  Eed  had  been  dearly  recognized,  it 
was  found  convenient  to  have  a  common  name  for  all  the  strata  inter- 
mediate in  position  between  the  Lias  and  Coal ;  and  the  term  "Poi- 
kilitic"  was  proposed  by  Messrs.  Conybeare  and  Buekland,*  from  iinm\os, 
vaneffaied,  some  of  the  most  ehai'aeteiistic  strata  of  this  group  having 
been  called  variegated  by  Werner,  from  their  exhibiting  spots  and  sti-eaks 
of  light  blue,  green,  and  buif  color,  in  a  red  base. 

*  Buekland,  Erfdg,  Treat,  vol,  ii,  p.  33. 
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A  single  teiin,  tliua  comprehending  both  Upper  and  Lower  New  Red, 
or  the  Triassic  and  Permian  groups  of  modem  classificatjons,  may  stOl 
be  useful  in  describing  districts  where  we  have  to  speak  of  massea  of  red 
sandstone  and  shale,  referable,  in  part,  to  both  these  eras,  but  which,  m 
the  absence  of  fossils,  it  is  impossible  to  divide. 

Trias  or  Upper  Jfew  Red  Sandstone  Group. 
Tlie  accompanying  table  will  explain  the  subdivisions  generally  adopted 
for  the  uppermost  of  the  two  systems  above  alluded  to,  and  the  names 
given  to  them,  in  England  and  on  the  Continent. 

Srnonyms.  


Trias  or  Upper 
New  Red 
Sandstone  - 


'a.  Saliferoua  and   gyp- 1 

seous    shales    and  y  Keuper  -        -    Mames  iris^ea, 

sandstone       -         ■ ) 
6.  (wanting  m  England)     Muaclielkalk  -  -j      ^^^  coquillier 
..Sandstone  and  quoit   JBinle.sand      I  q^,  t,     rr6. 

zose  conglomerate    )      stem  ) 


I  shall  first  describe  tltis  gioup  la  it  occurs  m  Southwestern  and 
Northwestern  Germany,  toi  it  is  far  more  fully  developed  there  than 
in  England  or  France.  It  his  been  called  the  Trias  }y  Geiman  writers, 
or  the  Triple  Group,  because  it  is  separable  mto  three  distmct  formations, 
called  the  "Keuper,"  the  " Museheltalk,"  and  the  " Bunter-sandst«in." 

The  Kmper,  the  first  or  newest  of  these,  is  1000  feet  thick  in  WUr- 
t«mber;r  iid  's  divided  bv  Alberti  into  sandstone,  gypsum,  and  carbonar 
lis    slate-clay.*     Remains    of   Reptiles, 
Ikd  NoilosoMrus  &nA  Pkytona-arus,  have 
1     Q  founl  m  it  with  Lahyrinthodan, ;  the 
'    ichni  teeth,  also,  of  placoid  fish  and  of 
r  \     <tn  1  of  the  genera  Sanrietkys  and  Gy- 
!  p  s  (h^  325,  326,  p.  289).    The  plants 
r  ihe  Keuper  are  genericaljy  veiy  analogous 
111  those  of  the  lias  and  oolite,  consistdng  of 
i  ins,  equisetaceous  plants,  cycads,  and  coni- 
lera,  with  a  few  doubtful  monocotyledons.  A 
few  spedes,  sudi  as  Eguisetitei  columnaris, 
are  common  to  this  group,  and  the  oolite, 
fa  chiefly  of  a  compact,  grajdsh  limestone,  but 
1  many  places,  together  with  gypum  and 
I  rock  wholly  unrepresented  in  England, 
IS  the  name  implies.     Among  the  cephalopoda 
)  beleranites,  and  no  ammonites  with  foliated  sutures,  as  in 


oFgBma  ma^ijled.    1 


The  Muackelkalk  m 
includes  beds  of  dolomite  i 
rock-salt.  This  limestone,  . 
abounds  it 
there  are 


13  and  oolite,  bat  a  genus  allied  to  the  Ammonite,  called 
Ceratile  by  I)e  Eaan,  in  which  tlie  descending  lobes  (see  a,  b,  c,  fig.  320) 
tei'minate  in  a  few  small  denticulatiotis  pointing  inwai'ds.     Among  the 
Monog.  des  Bunten  Saudsteiiia. 
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c.  Futlally  dentl  n  oted  u  t  ae  ol  tlie  sep  a 

bivalve  shells,  iJie  Pondonia,  minuta,  (loldf.  {Posidonomya  mintila, 
Bronn)  (sw  fig.  321),  is  abundant,  ran^ng  through  the  Eeuper,  Musehel- 
kalk,  and  Bunter-sandstein ;  and  Avicula  aodalis,  fig.  322,  having  a 
similar  range,  is  very  characteiistic  of  the  Musehelkalk  in  Germany, 
France,  and  Poland. 


The  ahundance  of  the  heads  and  stems  of  lily  encrinites,  Encrinus 
lUii/ormis  (or  Mierinites  momli/ormia),  show  the  alow  manner  in  which 
some  beds  of  this  Kmestone  have  been  fonued  in  dear  sea-water. 

The  Bunter-samisfeith  consiata  of  various  coloi'ed  sandstones,  dolomites, 
and  red-clays,  with  some  beds,  especially  in  the  Hartz,  of  calcareous 
pisolite  or  roe-atone,  the  whole  sometimes  attaining  a  thicknesiS  of  moro 
than  1000  feet.     The  sandstone  of  the 
Vosgea,  according  to  Von  Meyer,  is  proved, 
by  the  presence  of  I/ahyrinthodon,  to  be- 
long to  this  lowest  member  of  tiie  Triasaie 
group.     At  Sulzbad  (or  Soultz-les-bains), 
near  Strazburg,  on  the  flanks  of  the  Vos- 
gea, many  plants  have  been  obtained  from 
the  "hunter,"  espedally  conifers  of  the 
exlJnct  genus  Voltzia,  pecidiar  to  this  pe- 
iod,  in  which  even  the  fructification  has 
leen  preserved.    (See  fig.  323.) 
"^'^^^^S^  *^"t  of  thirty  species  of  ferns,  cycads, 

conifers,  and  other  plants,  enumerated  by 
M.  Ad.  Brongniart,  in  18i9,  &s  coming  from  the  "gi'es  bigarr^,"  or 
Bunffir,  not  one  is  common  to  the  Keuper.* 

*  Tableau  dea  Qeuree  de  Veg.  Fos.  Diet.  Univ.  1849. 
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The  footprints  of  a  reptile  {^Labyrinthodon)  tave  been  observed  on 
the  clays  of  this  member  of  tlie  Trias,  near  HildbiirghausCE,  in  Saxony, 
impressed  on  the  upper  sur^ce  of  the  beds,  and  standing  out  as  casts  in 
relief  from  tJie  under  sides  of  incumbent  slabs  of  sandstone.  To  these 
I  shall  again  allude  in  the  sequel ;  they  attest,  as  well  as  the  accompa- 
nying ripple-marks,  ajid  iHie  cracks  which  traverse  the  clays,  the  gradual 
formation  in  shallow  water,  and  sometimes  between  high  and  low  water, 
of  the  beds  of  this  formation. 


Triassic  group  in  England, 


lu  England  the  Lias  is  succeeded  by  conformable  strata,  of  red  and 
green  marl,  or  clay.  There  intervenes,  however,  both  in  the  neighbor- 
hood of  Axmouth,  in  Devonshire,  and  in  the  cliffs  of  Westbuiy  and 
Aust,  in  Gloucestershii'e,  on  the  banks  of  the  Severn,  a  dark-colored 
stratum,  well  known  by  the  name  of  the  "  bone-bed."  It  abounds  in 
the  remains  of  saurians  and  fish,  and  was  formerly  classed  as  the  lowest 
bed  of  the  Lias ;  but  Sir  P.  Egerton  has  shown  that  it  should  be  re- 
feiTed  to  the  Upper  ffew  Eed  Sandstone,  for  it  contains  a 
of  fossil  fish  which  are  either  peculiar  to  this  stratum, 
species  well  known  in  the  Muschelkalk  of  Germany.  These  flsh  belong 
to  the  genera  Acrodus,  Hyhodws,  Gyrolepis,  and  Sauricklkys. 

Among  those  common  to  the  Englisli  bone-bed  and  the  Muschelkalk 
of  Germany  are  Sybodug  plicatilk  (fig.  324),  Saurichthyg  apicalis  {fig. 
325),  QyroUjm  fenuistriatus  (fig.  826),  and  Cf.  Albertii,  Remains  of 
s  have  also  been  found  in  the  bone-bed,  and  plates  of  an  Encrinus. 


nognlBed 


imontb    tnagti  fled   Aimonth. 


The  Strata  of  red  and  green  marl,  which  follow  the  bone-bed  in  the 
descending  order  at  Axmoufh  and  Aust,  are  destitute  of  organic  remains : 
as  is  the  ease,  for  the  most  part,  in  the  corresponding  beds  in  almost 
every  part  of  England.  But  fossils  have  lately  been  found  at  a  few 
localities  in  sancJstones  of  this  formation,  in  Worcestershire  and  Wai 
wickshire,  and  among  them  the  bivalve  shell  cailed  PoBtdonia  minuta 
Goldf.,  before  mentioned  (fig.  321,  p.  288). 

The  upper  member  of  the  Engli^  "  New  Eed"  containing  this  shell, 
in  those  parts  of  England,  is,  according  to  Messrs.  Murchison  and 
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Strickland,  600  feet  thict,  and  consists  chiefly  of  red  marl  or  date, 
with  a  band  of  sandstone.  Spines  of  Ht/bodus,  called  ichthyodoruhus, 
teeth  of  fishes,  and  footprinls  of  reptiles,  witli  remains  of  a  saurian 
called  Bhymosaurus,  were  observed  by  the  same  geologists  in  these 

In  'Cheshire  and  Lancashire  the  gypseous  and  saljferous  red  shales 
and  loams  of  the  Trias  are  between  1000  and  1500  feet  thick  In  sorne 
plactB  lenticular  masses  of  rock-salt  are  interpolated  between  the  argib 
laceons  beds,  the  origin  of  which  will  be  spoken  of  in  the  seque  . 

The  lower  division  or  English  representative  of  the  "  Bunter'  attains 
a  thickness  of  600  feet  in  the  counties  last  mentioned.     Besides  red  and 
green  shales  and  red  sandstones,  it  comprises  mudi  soft  white  quaitmse 
iandstone,  in  which  the  trunks  of  slHcifted  trees  have  been  met  wifli  at 
Allesley  Hill,  near  Coventry.     Several  of  them  were  a  foot  and  a  halt  m 
diameter,  and  some  yards  in  length,  decidedly  of  coniferous  wood,  and 
showing  rings  of  annual  growth.f     Impressions,  also,  of  the  footsteps  of 
animals  have  been  detected  in  Lancashire  and  Cheshire  m  tins  forma- 
tdon      Some  of  the  most  rematable  ooonr  a  few  miles  from  Liverpool, 
in  the  whitish  quai'tzose  sandstone  of  Storton  Hill,  on  tlie  west  side  of 
the  Mei^y.     They  bear  a  close  resemblance  to  tracks  first  observed  in  a 
member  of  tlie  Upper  New  Red  Sandstone,  at  the  village  of  Hesseberg 
near  Hildburghausen,  in  Saxony,  to  which  1 
have  already  fdluded.     For  many  years  these 
footprints  have  been  referred  to  a  large  un- 
known quadruped,  provisionally  named  Ohim- 
therium  by  Professor  Kanp,  because  tlie  marks 
both  of  the  fore  and  hind  feet  resembled  im- 
pressions made  by  a  human  hand.     (See  fig. 
827.)     The  footmarks  at  Hesseberg  are  partly 
concave  and  partly  in  relief;  the  former,  or  the 
depressions,  are  seen  upon  the  upper  surface  of 
■     the  sandstone  slabs,  but  those  in  rehef  are  only 
:     upon  the  lower  surfaces,  being  in  fact  natnral 
casta,  formed  in  the  subjacent  footprinls  as_  in 
me  larger  impressions,  which  seem  to  be  those  of  the  liind 
foot  are  generally  8  inches  in  length,  and  5  in  width,  and  one  v^as  13 
inches  long.     Near  each  lai^e  footstep,  and  at  a  regular  distance  {abont 

i'lg.  32S, 

ff^     ^^     *^ 


moulds. 


*  Geol.  Ttans.  Second  Serif 

I  Buckland,  Proo.  OeoL  Sin 

Trans,  Second  Ser,  vol.  v.  p.  3 


'vol.  ji.  p.  439  ;  and  Murolilaon  and  Stricliland,  Geol. 
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an  inch  and  a  half),  before  it,  a  smaller  print  of  a  fore  foot,  4  inches 
loDg  and  3  imihes  wide,  occura.  The  footsteps  follow  each  other  in 
pairs,  each  pair  in  the  same  line,  at  intervals  of  14  inches  from  pair  to 
pair.  Tie  large  aa  well  as  the  smail  steps  show  the  great  toes  alter- 
nately on  the  right  and  left  side ;  each  step  mates  the  print  of  five  toes, 
the  first  or  great  toe  being  bent  inwards  like  a  thumb.  Though  the 
fore  and  hind  foot  difler  so  much  in  size,  they  are  nearly  similar  in 

The  similar  footmarks  afterwards  observed  in  a  rock  of  corresponding 
age  at  Storton  Hill,  were  imprinted  on  five  thin  beds  of  clay,  superim- 
posed one  upon  the  other  in  the  same  quarry,  and  separated  by  beds  of 
sandstone.  On  the  lower  surface  of  the  sandstone  strata,  the  solid  casts 
of  each  impi'casion  are  salient,  in  high  relief,  and  afi'oid  models  of  the . 
feet,  toea,  and  claws  of  the  animals  which  trod  on  the  clay. 

As  neither  in  Germany  nor  in  England  any  bones  or  teeth  had  been 
met  with  in  the  same  identical  strata  as  the  footsteps,  anatomists  in- 
dulged, for  several  years,  in  various  conjectures  respecting  the  mysterious 
animals  from  which  they  might  have  been  derived.  Professor  Kanp 
suggested  that  the  unknown  quadrupeds  might  have  been  allied  to  the 
Marmpicdia  ;  for  in  the  kangaroo  the  first  toe  of  the  fore  foot  is  in  a 
similai'  manner  set  obliquely  to  the  others,  hke  a  thumb,  and  the  dispro- 
portion between  the  fore  and  hind  feet  is  also  very  great.  But  M.  Link 
conceived  that  some  of  the  four  species  of  animals  of  which  the  traeka 
had  been  found  in  Saxony  might  have  been  gigantic  Batrmhians  ;  and 
Dr.  Buckland  designated  some  of  the  footsteps  as  those  of  a  small  web- 
footed  animal,  probably  crocodilean. 

In  the  couree  of  these  discussions  several  naturalists  of  Liverpool,  in 
their  report  on  the  Storton  quarries,  declared  their  opinion  that  each  of 
the  thin  seams  of  clay  in  which  the  sandstone  c^ts  were  moulded  had 
formed  successively  a  surface  above  water,  over  whidi  the  Ohirolherium 
and  other  animals  walked,  leaving  impressions  of  their  footsteps,  and 
that  each  layer  had  been  afterwards  submerged  by  a  sinking  down  of 
the  surface,  so  that  a  new  beach  was  formed  at  low  water  above  the 
former,  ou  which  the  other  tracks  were  then  made.  The  repeated  occur- 
rence of  ripple-marks  at  various  heights  and  depths  in  the  red  sandstone 
of  Cheshire  had  been  explained  in  the  same  manner.  It  was  also  re- 
marked that  impressions  of  such  depth  and  clearness  could  only  have 
been  made  by  animals  walking  on  the  land,  aa  their  weight  would  have 
been  insufficient  to  make  them  sink  so  deeply  in  yielding  clay  under 
water.     They  must  therefore  have  been  air-breathers. 

When  the  inquiry  had  been  brought  to  this  point,  the  reptihan  remains 
discovered  in  the  Trias,  both  of  Germany  and  England,  were  carefully 
examined  by  Mr.  Owen.  He  found,  after  a  microscopic  investigation  of 
the  teeth  fiwm  the  German  sandstone  called  Keuper,  and  from  the  sand- 
stone of  Warwick  and  Leamington,  that  neither  of  them  could  be  re- 
ferred to  true  saurians,  although  they  had  been  named  Maslodomawms 
Mid  Pkytosaurus  by  Jager  (%.  S2fi).     It  appeai'ed  that  they  were  of 
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Fig,  B29,  the  Batraehian  order,  and  attested  tie  former  ex- 

Jistence  of  frogs  of  gigantic  ditoonsions  in  compar- 
ison with  any  now  liviDg.  Both  tie  Continental 
and  English  fossil  teeth  exhibited  a  most  compli- 
cated texture,  differing  from  that  previously  oh- 
Vootti  aiLaiyritvihodon;  served  in  any  reptile,  whether  recent  or  extinct,  but 
MLaize.  -Wsrwicfcaana-  j^^^^j  nearly  analogous  to  the  Ichlhyosav/ma.  A 
section  of  one  of  these  teeth  exhibits  a  series  of 
iiTcgular  folds  resembHng  the  labyrinthine  windings  of  the  surface  of  the 
brain ;  and  from  this  character  Mr.  Owen  has  proposed  the  name  Laby- 
rinthodoa  for  the  new  genus.  By  his  permission,  the  annexed  represen- 
tation (fig.  330)  of  part  of  one  is  given  from  his  "Odontography,"  plate 
64,  A.  The  entire  length  of  this  tooth  is  supposed  to  have  been  about 
three  inches  and  a  half,  and  the  breadth  at  the  base  one  inch  and  a  half. 


When  Mr.  Owen  had  satisfied  himself,  from  an  inspection  of  the  cra- 
nium, jaws,  and  teeth,  that  a  gigantic  Batraehimi  had  existed  at  the 
period  of  the  Trias  or  Upper  New  Eed  Sandstone,  he  soon  found,  from 
the  examination  of  various  bones  derived  from  the  same  foimation,  that 
he  could  define  three  species  of  LahyTinihodmi,  and  that  in  this  genns 
the  hind  extremities  were  much  laj^er  than  the  anterior  ones.  I'his 
circumstance,  coupled  witli  the  feet  of  the  Lahyrin^odon  having  existed 
at  the  period  when  the  Chirotherian  footsteps  were  made,  was  the  fii'st 
step  towards  the  identification  of  those  tracks  with  the  newly-discovered 
Batraehian.  it  waa  at  the  same  time  observed  that  the  footmarks  of 
Gkirotlterium  were  more  like  those  of  toads  than  any  other  living  ani- 
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mal ;  and,  lastly,  that  the  size  of  the  three  species  of  Lahyrinthodon. 
corresponded  with  the  size  of  three  different  kinds  of  footprints  which 
had  aheady  been  supposed  to  belong  to  three  distJnct  Ohirotheria.  It 
was  moreover  inferred,  with  confidence,  that  the  Labifrinthadon  was  an 
air-hreaihing  reptile  from  the  structure  of  the  nasal  cavity,  in  which  the 
posterior  outlets  were  at  the  back  part  of  the  mouth,  instead  of  being 
directly  under  the  anterior  or  external  nostiils.  It  must  have  respired 
air  after  the  manner  of  sauriana,  and  may  therefore  have  imprinted  on 
the  shore  those  footsteps,  which,  s&  we  have  seen,  could  not  have  ori^- 
nated  from  an  animal  waiting  under  water. 

It  is  true  that  the  structure  of  the  foot  is  still  wanting,  and  that  a 
more  connected  and  complete  steleton  is  required  for  demonstration ; 
but  the  circumstantial  evidence  above  stated  is  strong  enough  to  produce 
the  conviction  that  the  Ckirotlm-iiim  and  Labyrinthodon  are  one  and 
the  same. 

In  order  to  show  the  manner  in  which  one  of  these  foimidable  Balra- 
cUam  may  have  impteaaed  the  mark  of  it  feets  upon  the  shore,  Mr.  Owen 
has.  attempted  a  restoration,  of  which  a  reduced  copy  is  annexed. 


Zabyrmthodtm  pachyffant/tiue,  Owen. 


The  only  bones  of  this  spedes  at  present  known  are  those  of  the 
head,  the  pelvis,  and  part  of  the  scapula,  which  are  shown  by  stronger 
lines  in  the  above  figure.  There  is  reason  for  believing  that  the  head 
was  not  smooth  externally,  but  protected  by  bony  scutella. 

Origin  of  Bed  Sandstone  and  Hoci-Salt. 

We  have  seen  that,  in  various  paits  of  the  world,  red  and  mottled 
clays,  and  sandstones,  of  several  distinct  geological  epochs,  are  found 
associated  with  salt,  gypsum,  magnesian  limestone,  or  with  one  or  all  of 
these  substances.  There  is,  therefore,  in  all  livelihood,  a  general  cause 
for  such  a  coincidence.  Nevertheless,  we  must  not  forget  that  there  are 
dense  masses  of  red  and  variegated  sandstones  and  clays,  thousands  of 
feet  in  thickness,  and  of  vast  horizontal  extent,  wholly  devoid  of  saJifer- 
ous  or  gypseous  matter.  There  are  also  deposits  of  gypsum  and  muri- 
ate of  soda,  as  in  the  blue  day  formation  of  Sicily,  without  any  accom- 
panying red  sandstone  or  red  clay. 

To  account  for  deposits  of  red  mud  and  red  sand,  wc  have  simply  to 
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suppose  the  disintegration  of  ordinaiy  ciystalline  or  motamorphic  schists. 
Thas,  in  the  Easttan  Grampians  of  Scotiand,  as,  for  example,  in  the  north 
of  Forfarshire,  the  mountains  of  gneiss,  mica-schist,  and  day-slate,  are 
overspi'ead  with  alluviiun,  derived  from  the  disintegration  of  those  locks ; 
and  the  mass  of  detritus  is  stained  by  oxide  of  iron,  of  precisely  the 
same  color  as  the  Old  Red  Sandstone  of  the  adjoiuiag  Lowlands.  Ifow 
fJiis  alkvium  merely  requires  to  be  swept  down  to  the  sea,  or  into  a 
lake,  to  form  strata  of  red  sandstone  and  red  marl,  precisely  liie  the 
mass  of  the  "  Old  Red"  or  New  Red  systems  of  England,  or  those  ter- 
nary deposits  of  Auvergne  (see  p.  182),  before  described,  which  are  in 
htbologica]  characters  quite  undistinguishable.  The  pebbles  of  gneiss 
m  the  Eocene  red  sandstone  of  Auvergne  point  eleaily  to  the  rocks  fi'om 
which  it  has  been  derived.  The  red  coloring  matter  may,  as  in  the 
Grampians,  have  been  furnished  by  the  decomposition  of  hornblende,  or 
mica,  which  contain  oxide  of  iron  in  large  quantity. 

It  is  a  general  faet,  and  one  not  yet  accounted  for,  that  scawely  any 
fossil  remains  are  preserved  in  stratified  rocks  on  which  this  oxide  of 
iron  abounds ;  and  when  we  find  fossils  in  the  New  or  Old  Red  Sand- 
stone in  England,  it  is  in  the  gray,  and  usually  calcareous  beds,  that 
they  occur. 

The  gypsum  and  saline  matter,  occasionally  interstratified  with  suoli 
red  clays  and  sandstonts  of  various  ages,  primaiy,  secondary,  and  ter- 
fiaiy,have  been  tliought  by  some  geolo^ts  to  be  of  volcanic  origin. 
Submarine  and  stibaerial  exhalations  often  occur  in  regions  of  earth- 
quakes and  volcanoes  feir  from  points  of  actual  eraption,  and  charged 
with  sulphur,  sulphuric  salts,  and  ivith  common  salt  or  muriate  of  soda. 
In  a  word,  there  are  events  by  which  all  the  products  which  issue  in  a 
state  of  sublimation  from  tie  cral«re  of  active  volcanoes,  obtain  a  pas- 
sage from  the  interior  of  the  earth  to  the  sm'&ce.  That  such  gaseous 
emanations  and  mineral  springs,  impregnated  with  the  ingredients  before 
enumerated,  and  often  intensely  heated,  continue  to  flow  out  unaltered 
in  composition  and  temperature  for  ages,  is  well  known.  But  before  we 
can  decide  on  their  real  instrumentality  in  producing  in  the  course  of 
ages  beds  of  gypsum,  salt,  and  dolomite,  we  require  to  know  what  aro 
the  chemical  changes  actually  in  progress  in  seas  where  this  volcanic 
agency  is  at  work. 

Yet  the  ori^n  of  rock-salt  is  a  problem  of  so  much  intei'est  in  the- 
oretical geology  as  f«  demand  a  full  discussion  of  another  hypothesis 
advanced  on  the  subject ;  namely,  that  which  attributes  the  precipitation 
of  the  salt  to  evaporation,  whether  of  inland  lakes  or  of  lagoons  com- 
municating with  tiie  ocean. 

At  Northwich,  in  Cheshire,  two  beds  of  salt,  in  great  part  unmixed 
with  earthy  matter,  attain  the  extraordinary  thickness  of  90  and  even 
100  feet  The  upper  swrface  of  the  highest  bed  is  very  uneven,  forniing 
cones  and  irregular  figures.  Between  the  two  masses  there  intervenes  a 
bed  of  indurated  clay,  traversed  with  veins  of  salt  The  highest  bed 
'Jniis  off  towards  the  southwest,  losing  15  feet  in  thickness  in  the  course 
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of  a  mile.*  The  horizontal  extent  of  these  pai'ticular  masses  in  Cheshire 
and  Lancashire  ia  not  exactly  tnown ;  but  the  area,  containing  saliferous 
clays  and  sandstones,  is  supposed  to  exceed  150  miles  in  diameter,  while 
the  total  thickness  of  the  triaa  in  the  same  region  is  estimated  by  Mr. 
Ormerod  at  more  than  1700  feet,  Eipple-marted  sandstones,  and  the 
footprints  of  animals,  before  desciibed,  are  observed  at  so  many  levels 
that  we  may  safely  assume  the  whole  area  to  have  undergone  a  slow  and 
gradual  depression  during  the  formation  of  the  Red  Sandstone.  The 
evidence  of  such  a  movement,  wholly  independent  of  the  presence 
of  salt  itself,  is  very  important  in  reference  to  the  theory  under  con- 
sideration. 

In  the  "  Principles  of  Geology"  (chap.  28),  I  published  a  map,  fur- 
nished to  me  by  the  late  Sir  Alexander  Bumes,  of  that  singukr  fiat 
region  called  the  Eunn  of  Cutoh,  near  the  delta  of  the  Indus,  which  is 
TOOO  square  miles  in  area,  or  equal  iu  extent  to  about  one-fourth  of  Ire- 
land. It  is  neither  land  nor  sea,  but  is  dry  during  a  part  of  every  year, 
and  again  covered  by  salt  waf«r  during  the  monsoons.  Some  parts  of 
it  are  liable,  after  long  intervals,  to  be  overflowed  by  river-water.  Its 
surface  supports  no  gi'ass,  but  is  incrusfed  over,  here  and  there,  by  a 
layer  of  salt,  about  an  inch  in  depth,  caused  by  the  evaporation  of  sea- 
water.  Certain  tracts  have  been  converted  into  dry  land  by  upheaval 
during  earthquakes  since  the  commencement  of  the  present  century,  and, 
in  other  direetions,  tie  boundaiies  of  the  Eunn  have  been  enlarged  by 
subsidence.  That  successive  layers  of  salt  might  be  thrown  down,  one 
upon  the  other,  over  thousands  of  square  miles,  in  such  a  region,  is  un- 
deniable. The  supply  of  brine  from  the  ocean  would  be  as  inexbaristi- 
ble  as  the  supply  of  heat  from  the  son  to  cause  evaporation.  The  only 
assumption  required  to  enable  us  to  explain  a  great  thickness  of  salt. in 
such  an  area  is,  the  continuance,  for  an  indefinite  period,  of  a  subsiding 
movement,  the  country  preserving  ail  the  time  a  genei'al  approach  to 
horizontality.  Pure  salt  could  only  be  formed  in  the  centi'al  parts  of 
basins,  where  no  sand  could  be  drifted  by  the  wind,  or  sediment  be 
brought  by  currents.  Should  the  sinking  of  the  ground  be  accelerated, 
so  as  to  let  in  the  sea  freely,  and  deepen  the  water,  a  temporary  suspen- 
sion of  the  precipitation  of  salt  would  be  the  only  result.  On  the  other 
hand,  if  the  area  should  dry  up,  ripple-marked  sands  and  the  footprints 
of  animals  might  be  formed,  where  salt  had  previously  accumulated. 
According  to  this  view  the  thickness  of  the  salt,  as  well  aa  the  accom- 
panying beds  of  mud  and  sand,  becomes  a  mere  question  of  time,  or 
requires  simply  a  repetition  of  similar  operations. 

Mr.  Hugh  Miller,  in  an  able  discussion  of  this  question,  refers  to  Dr. 
Frederick  Parrot's  account,  in  his  journey  to  Ararat  (1836),  of  the  salt 
lakes  of  Asia.  In  several  of  these  lakes  west  of  the  river  Manech,  "  the 
water,  during  the  hottest  season  of  the  year,  is  covered  on  its  surface 
with  a  crust  of  salt  nearly  an  inch  thick,  which  is  collected  with  shovels 

*  Ormerod,  Quart.  Geol,  Journ.  1848,  vol  iv.  p,  211. 
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into  lx)ata.  The  ciystallizatioii  of  the  salt  is  eflecfed  by  rapid  evapora- 
tion from  tlie  sun's  heat  and  the  supersatui'atiou  of  the  water  with  mu- 
riate of  soda  ;  the  lake  being  so  shallow  that  the  3ittle  boats  trail  on  the 
bottom  and  leave  a  ftjrrow  behind  ihem,  so  that  the  lake  must  be  re- 
garded aa  a  wide  pan  of  enormous  supeiiicial  extent,  in  which  the  brine 
can  easily  reach  the  degree  of  coneenti'ation  required," 

Another  traveller,  Major  Harris,  in  his  "Highlands  of  Ethiopia,"  de- 
scribes a  salt  lake,  called  the  Bahr  Assal,  near  the  Abjssinian  frontier, 
which  once  formed  the  prolongation  of  the  Oulf  of  Tadjara,  but  was 
afterwards  cut  off  from  the  guif  by  a  broad  bar  of  lava  or  of  land  up- 
raised by  an  earthquake.  "  Fed  by  no  rivers,  and  exposed  in  a  burning 
climate  to  the  unmitigated  rays  of  tke  sun,  it  has  shrunk  into  an  ellipti- 
cal basin,  seven  miles  in  its  transverse  axis,  half  filled  with  smooth  water, 
of  the  deepest  cerulean  hue,  and  half  with  a  solid  sheet  of  glittering 
snow-white  salt,  the  oifepring  of  evaporation,"  "  If^"  says  Mr.  Hugh 
Miller,  "  we  suppose,  instead  of  a  barrier  of  lava,  that  sand-bars  were 
raised  by  the  surf  on  a  flat  arenaceous  coast  during  a  slow  and  equable 
sinking  of  the  surfece,  the  watere  of  the  outer  gulf  might  occasionally 
topple  over  the  bar,  and  supply  fresh  brine  when  the  first  stock  had  been 
exhausted  by  evaporation."* 

We  may  add  that  the  permanent  impregnation  of  the  waters  of  a 
large  shallow  basin  with  salt,  beyond  the  proporiion  which  is  usual  in 
the  ocean,  would  cause  it  to  be  uninhabitable  by  mollusca  or  fish,  as  is  the 
case  in  the  Dead  Sea,  and  the  muriate  of  soda  might  remain  in  excess, 
even  though  it  were  occasionally  replenished  by  irruptions  of  the  sea. 
Should  the  saline  deposit  be  eventually  submerged,  it  might,  as  we  have 
seen  from  the  example  of  the  Runn  of  Cutch,  be  covered  by  a  freshwater 
formation  containing  fluviatile  organic  remains ;  and  in  this  way  the 
appai'ent  anomaly  of  beds  of  sea-salt  and  clays  devoid  of  marine  fossils, 
alternating  with  othei's  of  freshwater  origin,  may  be  explained. 

Dr.  G.  Buist,  in  a  recent  communicatjon  to  the  Bombay  Geographieal 
Society  (vol.  ix.),  has  asked  how  it  happens  that  the  Ked  Sea  should  not 
exceed  the  open  ocean  in  saltness,  by  more  than  -j^th  per  cent.  The  Red 
Sea  receives  no  supply  of  watei'  fiicmi  any  quarter  save  through  the 
Straits  of  Babelmandeb ;  and  there  ia  not  a  single  river  or  rivulet  flowing 
into  it  Awm  a  circuit  of  4000  miles  of  shore.  The  countries  around  are 
al!  excessively  sterile  and  arid,  and  composed,  for  the  most  part,  of  burn- 
ing deserts.  From  the  ascertained  evaporation  in  the  sea  itself,  Dr. 
Buist  computes  that  nearly  8  feet  of  pure  water  must  be  carried  off  fi-om 
tiie  whole  of  its  surface  annually,  this  being  probably  equivalent  to  t^^^ 
part  of  its  whole  volume.  The  Red  Sea,  therefore,  ought  to  have  1  per 
cent,  added  annually  to  its  saline  contents ;  and  as  these  constitute  4 
per  cent,  by  weight,  or  2j  per  cent,  iu  volume  of  its  entire  mass,  it 
ought,  assuming  the  average  depth  to  be  800  feet,  which  is  supposed  to 
be  far  beyond  the  truth,  to  have  been  converted  into  one  solid  salt 

*  Hugh  MQler,  Ficst  Impressiona  of  England,  1841,  pp.  183,  214. 
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fonnation  in  leas  than  3000  years*  Doe=  tlie  Ked  Seareceipe  a  supply 
of  watei'  from  the  ocean,  throngh  the  nari"w  btraita  of  Babelmandeb,  , 
sufficient  to  balance  the  loss  by  eyaporation  ?  And  is  there  an  imder- 
current  of  heayier  saline  water  annually  flomng  outwaijs!  If  not,  in 
what  manner  is  tlie  excfsa  of  salt  disposed  of  j  An  investigation  of  this 
subject  by  our  nautical  surveyors  may  perhapa  iid  the  geologist  in  fram- 
ing a  true  theory  of  the  origin  of  rock-salt. 

On  the  New  Bed  Sandstone  of  tlie  valley  of  the   Connecticut  Sivcr 
in  the  United  States. 

In  a  depression  of  the  granitic  or  hypogene  rocfcs  in  the  State  of 
Massadiiisetts  and  Connecticut,  strata  of  I'ed  sandstone,  shale,  and  con- 
glomerate are  found  occupying  an  area  more  than  150  males  in  length 
from  north  to  south,  and  about  5  to  10  males  in  breadth,  the  beds  dipping 
to  the  eastward  at  angles  varying  from  5  to  50  degrees.  The  extreme 
inclination  of  50  degrees  is  rare,  and  only  observed  in  tlie  neighborhood 
of  masses  of  trap  which  have  been  intruded  into  the  red  sandstone  while 
it  was  forming,  or  before  the  newer  parts  of  tike  deposit  had  been  com- 
plefed.  Having  examined  this  sea'ies  of  rocks  in  many  plac^  I  feel 
satiafled  that  they  were  formed  in  shallow  water',  and  for  the  most  part 
near  the  shore,  and  that  some  of  the  beds  were  from  time  to  time  raised 
above  the  level  of  the  water,  and  laid  dry,  while  a  newer  series,  composed 
of  shnilar  sediment,  was  foraning.  The  red  flaga  of  thin-bedded  sandstone 
are  often  ripple-raarted,  and  exiiibit  on  their  under  sides  casts  of  cracks 
formed  in  the  underlying  red  and  green  shales.  These  last  must  have 
shrunk  by  drying  before  the  sand  was  spread  over  them.  On  some 
shales  of  the  finest  texture  impressions  of  rain-drops  may  be  seen,  and 
easts  of  them  in  the  incumbent  aigillaceous  sandstones.  Having  observed 
similar  markings  producetl  by  showers,  of  which  the  precise  date  was 
known,  on  the  recent  red  mud  of  the  Bay  of  Fundy,  and  casts  in  relief 
of  the  same,  on  layera  of  dried  mud  tha'own  down  by  subsequent  tides, 
I  feel  no  doubt  in  regai'd  to  the  origin  of  some  of  the  ancient  Connecticut 
impressions.  I  have  also  seen  on  the  mud-flats  of  the  Bay  of  Fundy  the 
footmarks  of  birds  (IVinga  minuta),  which  daily  nm  along  the  borders 
of  that  estuary  at  low  water,  and  which  I  have  described  in  my  Travels.f  ■ 
Similar  layers  of  red  mud,  now  hardened  and  compressed  into  shale,  are 
laid  open  on  the  banks  of  the  Connecticut,  and  retain  faithfully  the  im- 
pressions and  casts  of  the  feet  of  numerous  birds  and  reptiles  which 
walked  over  them  at  the  time  when  they  were  deposited,  pi^obably  in  the 
Triassic  Period. 

According  to  Prof.  Hitchcock,  the  footprints  of  no  less  than  thirty-two 
species  of  bipeds,  and  twelve  of  quadrupeds,  have  been  already  detected 
in  these  rodra.     Thirty  of  these  are  believed  to  be  those  of  birds,  four  of 

•  Baist,  Trana.  of  Bomljay  Oeograph.  Soe.  1860,  vol.  ix.  p.  38. 
f  Travels  in  Nortli  America,  vol.  ii.  p.  168. 
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liaarda,  two  of  clielonians,  and  six  of  batrachians.  The  tracks  have  been 
found  in  more  than  twenty  places,  scattered  through  an  extent  of  nearly 
80  miles  from  north  to  south,  and  they  are  repeated  through  a  succession 
of  beds  attaining  at  some  points  a  thickness  of  more  than  1000  feet, 
which  may  have  been  fhouaanfLs  of  years  in  forming.* 

As  considerable  skepticism  is  naturally  entertained  in  regai'd  to  the 
nature  in  the  evidence  derived  from  footprints,  it  may  be  well  to  enume- 
rate some  facts  respecting  them  on  which  the  iaifJi  of  tte  geologist  may 
rest  When  I  visited  the  United  States  in  1842,  more  than  2000  im- 
p  ess  ons  had  been  observed  by  Professor  Hitchcock,  in  the  disti-ict 
all  ded  to  and  all  of  th  n  were  indented  on  the  upper  surface  of  the 
laj  e  s,  h  le  the  orre  pon  1  ng  casta,  standing  out  in  relief,  were  always 
on  tl  e  1  ve  sarfa  ks  o  pi  nes  of  the  strata.  If  we  follow  a  single  lice 
Fte.  88!  °^  *"    ^'  ^^  ^^  tiiam  uniform  in  size,  and  nearly 

JMIHiillfciw  '"^*"" "  ^  distance  from  each  other,  the  toes  of  two 

Hs^lliuli,  sncces..    e  footprints,  turning  alternately  right  and 

llllll  '^  ^'^  ^-  ^^^^-    ^""^  "^"Sle  lii'e^  ™dicato  a  biped ; 

l|pipi|pi|ipiB  an  1  there  is  generally  such  a  deviation  from  a  straight 

1  e  n  any  three  successive  pnnts,  as  we  remark  in 
the  tracks  left  by  birds.  There  la  also  a  striking  re- 
1  on  between  the  distance  separating  two  footprints 
ne  s  ries  and  the  size  of  the  impressions ,  in  other 
0  d  an  obvious  proportion  between  the  length  of 
tl  e  stn  le  and  the  dimension  of  the  aeature  which 
alkel  over  the  mud.  If  the  marks  are  small,  they 
n  he  half  an  inch  asunder ;  if  gigantic,  as,  for  ex- 
mple  here  the  toes  are  20  inches  -long,  they  are 
oas  0  ally  4  feet  and  a  half  apart.  The  bipedal 
p  es  ns  are  for  the  most  part  trifid,  and  show 
tl  e  same  nnmher  of  joints  as  exist  in  the  feet  of  liv- 
g  t  dactylous  birds.  Now  such  birds  have  three 
]  halangeal  bones  for  the  inner  toe,  four  for  the  middle, 
d  five  for  the  outer  one  (see  fig.  3S2) ;  but  the  im- 
1  res  n  of  the  terminal  joint  is  that  of  the  nail  only. 
The  fossil  footprints  exhibit  regularly,  where  the 
JO  ts  a  e  seen,  the  same  numbei' ;  and  we  see  in 
ea  h  CO  linnous  line  of  ti'acks  the  three-jointed  and 
\  Y  s,  T  u  y  five-jo  nted  toes  placed  alternately  outwards,  fli-st  on 
D  d'""^^  iI  m  the  one  side  and  then  on  the  other.  It  is  not  often 
'wfi )  *  '^  ^1  ■**  ^^  matrix  has  been  fine  enough  to  retain  im- 

l  ess  ons  of  the  integument  or  skin  of  the  foot ;  but 
m  n  fine  spe  men  found  it  Turner's  FaUa  on  the  Oonnectieut,  by  Dr. 
Dean  tl  ■se  ma  ki  ifs  are  well  preaeiTcd,  and  have  been  recognized  by 
Mr.  Owen  as  resembling  the  skin  of  the  ostrich,  and  not  that  of  reptiles.f 

*  Hitchcock,  Mem.  of  Amer.  Acad.  Ifew  Ser.  vol.  Hi.  p.  129. 
t  This  apedmeo  is  now  in  Dr.  ManteH'a  museum. 
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Much  eare  is  required  to  ascertain  the  pi'ecise  layer  of  a  laminated  rook 
on  which  an  animal  has  walked,  because  the  impression  usually  extends 
downwards  through  several  laminaa ;  and  if  the  upper  layer  originally 
trodden  upon  is  wanting,  one  or  more  joints,  or  even  in  some  cases  an 
entire  toe,  which  sank  less  deep  into  the  soft  ground,  may  disappear,  and 
yet  the  remainder  of  the  footprint  he  well  defined. 

The  size  of  several  of  the  fossil  impressions  of  tie  Connecticut  red 
sandstone  so  fai-  exceeds  that  of  any  living  ostrich,  that  naturalists  at 
first  were  extremely  adverse  to  the  opinion  of  their  having  been  made 
by  birds,  until  the  bones  and  almost  entire  skeleton  of  the  Sinomis  and 
of  other  feathered  gianfa  of  New  Zealand  were  discovered.  Their  dimen- 
sions have  at  least  destroyed  the  force  of  this  particular  objection.  The 
magnitude  of  the  impressions  of  the  feet  of  a  heavy  animal,  which  has 
waiked  on  soft  mud,  increases  for  some  distance  below  the  amiace  orig- 
inaUy  trodden  upon.  In  order,  therefore,  to  guard  against  exaggeration, 
the  casls  rather  than  the  monld  aie  relied  on.  These  casts  show  that 
some  of  the  fossil  birds  had  feet  four  times  as  large  as  the  ostrich,  but 
not  perhaps  latger  than  the  Dinornis. 

Some  of  the  quadrupedal  footprints  which  accompany  those  of  birds 
are  analogous  to  European  Cliirotheria,  and  with  a  similar  disproportion 
between  ttie  hind  and  fore  feet.  Others  resemble  that  remarkable  reptile, 
the  Shyncosattrus  of  the  English  Trias,  a  creature  having  some  rela- 
tion in  its  osteology  both  to  chelonians  and  birds.  Other  imprints, 
^ain,  are  like  those  of  turfles. 

Among  the  supposed  bipedal  tracks,  a  single  dwtinct  example  only 
has  been  observed  of  feet  in  which  there  are  four  toes  directed  forwards. 
In  this  case  a  series  of  fom'  footprints  is  seen,  each  22  inches  long  and 
12  wide,  with  joints  much  resembhng  those  in  the  t«es  of  birds.  Pro- 
fessor Agassiz  has  suggested  that  it  might  have  belonged  to  a  gigantic 
bipedal  batrachian  ;  but  the  evidence  on  this  subject  is  too  defective  to 
warrant  such  a  bold  conjecture,  and  if  we  were  to  give  the  reins  to  our 
imagination,  we  might  as  well  conceive  a  bird  having  foui-  toes  project- 
ing forward  as  a  huge  two-legged  frog.  Nor  should  we  forget  that  some 
quadrupeds  place  the  hind  foot  so  precisely  on  the  same  spot  just  quitted 
by  the  fore  foot,  as  to  produce  a  single  line  of  imprints  like  a  biped. 

No  bones  have  as  yet  been  met  with,  whether  of  reptiles  or  birds,  in 
the  rocks  of  the  Connecticut,  but  there  are  numerous  coprolites ;  and  an 
ingenious  aigument  has  been  derived  by  Mr.  Dana,  from  the  analysis  of 
these  bodies,  and  the  proportion  they  contdn  of  uric  acid,  phosphate  of 
lime,  carbonate  of  lime,  and  organic  matter,  to  show  that,  like  guano, 
they  are  the  droppings  of  birds,  rather  than  of  reptiles.* 

Mr,  Darwin,  in  his  "  Journal  of  a  Voyage  in  the  Beagle,"  informs  us 
that  the  "  South  American  ostriches,  although  they  live  on  vegetable 
matter,  such  as  roots  and  grass,  are  repeatedly  seen  at  Bahia  Blanca  (lai 
30°  8.),  on  the  co.ist  of  Buenos  Ayres,  coming  down  at  low  water  to 

*  Araer.  Joui-o,  of  Sci.  vol.  xlviii.  p.  48. 


-=b,Google 


800  ANTIQUITY  OP  THE  CONNECTICUT  BEDS.      [Ch.  XXIL 

the  extensive  mud-batiks  which  are  then  dry,  for  the  sake,  as  the  Gauchos 
Bay,  of  feeding  on  small  fiah,"  They  readily  take  to  the  water,  and 
have  been  seen  at  the  bay  of  San  Blaa,  and  at  Port  Valdez,  in  Patago- 
nia, swimming  from  island  to  island.*  It  is  therefore  evident,  that  in 
our  times  a  South  American  mud-bant  might  be  trodden  simiiltaneously 
by  ostiiches,  alligators,  tortoises,  and  frogs ;  and  the  impressions  left,  in 
the  nineteenth  century,  by  the  feet  of  these  yaiious  tribes  of  animals, 
would  not  differ  from  each  other  more  entirely  than  do  those  attributed 
t«  birds,  sauriana,  chelonians,  and  batrachians,  in  the  roolis  of  the  Con- 
necticut. 

To  determine  the  exact  age  of  the  red  sandstone  and  shale  containing 
these  ancient  footprints  in  the  United  States,  is  not  possible  at  present. 
No  fossil  shells  have  yet  been  found  in  the  deposit,  nor  plants  in  a  de- 
terminable state.  The  fossil  fish  are  numerous  and  very  peifect ;  but 
th^  are  of  a  peculiar  type,  which  was  originally  referred  to  the  genus 
Palfeoniscus,  but  has  since,  with  propriety,  been  ascribed,  by  Sir  Philip 
Egerton,  to  a  new  genus.  To  this  he  has  given  the  name  of  Ischypterus, 
irom  the  great  size  and  strength  of  the  fulcral  rays  of  the  dorsal  fin 
(from  i(Tx"e,  strength,  and  *TEpov,  a  fin).  They  differ  fi'om  Palceoniscvs, 
as  Mr.  Eedfield  first  pointed  out,  by  having  the  vertebral  column  pro- 
longed to  a  more  limited  extent  'into  the  upper  lobe  of  the  tail,  or,  in 
the  language  of  M.  Agassiz,  they  are  less  heterocercal.  The  teeth  also, 
accoi'ding  to  Sir  P.  Egerton,  who,  in  1844,  examined  for  mo  a  fine  series 
of  specimens  which  I  procured  at  Durham,  Connecticut,  differ  from  those 
of  Palceoniscus  in  being  strong  and  conical. 

That  the  sandstones  containing  these  fish  are  of  older  date  than  the 
strata  containing  coal,  before  described  {p.  284)  as  occurring  near  Rich- 
mond in  Vir^nia,  is  highly  probable.  T^tese  were  shown  to  be  as  old 
at  least  as  the  oolite  and  has.  The  higher  antiquity  of  the  Conaecljcut 
beds  cannot  be  proved  by  direct  superposition,  but  may  be  presumed 
from  the  general  structure  of  the  country.  That  structure  proves  them 
to  be  newer  than  the  movements  to  which  the  Appalachian  or  Alleghany 
chain  owes  its  flexures,  and  this  chain  includes  the  ancient  coal  forma- 
tion among  its  contorted  rocks.  The  unconformable  podtion  of  this  JVev) 
Red  with  ornithicnites  on  the  edges  of  the  inchned  primary  or  paleozoic 
rocks  of  the  Appalichians  is  seen  at  4  of  the  section  fig  37B  p  327 
The  absence  of  fiah  with  deridedlv  heterooereal  tails  may  afford  an 
argument  against  the  Permian  age  of  the  formtbon  md  the  opinion 
that  tlie  red  sandstone  is  tnassie  seems  on  tlie  Tsh->Ip  tb"  best  tl  if  we 
can  embrace  in  the  p  e^ent  state  of  our  knowlelgo 

*  Journal  of  Voyage  of  Beagle,  Ac.  2d  edition,  p.  89,  1845. 
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r   UMB8T0NB   GROUP. 


FoBsns  of  Magaeaian  LlmaBtone  and  Lower  New  Red  distjnct  from  tlie  Triaaaic— 
Term  Pemian— English  and  German  eqaiTaleiits—Marine  shellB  wid  corals  of 
English  Magnesinn  Umestone— Piilieoiiiscus  and  other  fish  of  the  marl  slate-— 
Thecodont  Sauriansof  doloraitio  conglomerate  of  Bristol— Zechetcin  and  Efltblia- 
gendes  of  ITiuriagia— Penman  Florsr-Its  generic  affinity  to  the  carboniferous 
— Psaronitea  or  trea-ferns, 

When  the  use  of  the  term  "  Poifcilitic"  was  explained  in  the  last 
chapter,  I  stated,  that  in  some  parts  of  England  it  is  scarcely  possible  to 
separate  the  red  marls  and  sandstones  so  called  (originally  named  "the 
New  Red"),  into  two  distinct  geological  systems.  Nevertheless,  the 
progi'BSS  of  investigation,  and  a  careful  comparison  of  English  rocks  be- 
tween the  lias  and  the  coal  witii  those  occupying  a  similar  geological 
position  in  Germany  and  Kus^a,  has  enabled  geologists  to  divide  the 
Poitihtic  formation  ;  and  has  even  shown  that  the  lowermost  of  the  two 
divisions  is  more  closely  connected,  by  its  fossil  remains,  with  the  car- 
boniferous gronp  than  with  the  trias.  If,  therefore,  we  are  to  draw  a 
line  between  the  secondary  and  piimaiy  fosaliferous  strata,  as  between 
the  tertiary  and  secondary,  it  must  run  through  the  middle  of  what  was 
once  called  the  "  New  Red,"  or  Poikilitic  group.  The  inferior  half  of 
this  group  will  rank  as  Primary  or  Paleozoic,  while  its  upper  member 
■will  form  the  base  of  the  Secondary  seiira.  For  the  Lower,  or  M^ne- 
sian  Limestone  division  of  English  geolo^sts,  Sir  R.  Murchison  has  pro- 
posed the  name  of  Permian,  from  Perm,  a  Russian  government  where 
these  strata  are  more  extensively  developed  than  elsewhere,  occupying'an 
area  twice  the  size  of  France,  and  containing  an  abundant  and  varied 
suit*  of  fossils. 

Mr.  King,  in  his  valuable  monograph,  recently  publiahed,  of  the  Per- 
mian fossils  of  England,  has  given  a  table  of  the  following  sis  members 
of  the  Permian  system  of  the  north  of  England,  with  what  he  conceives 
to  be  the  corresponding  formations  in  Thuringia.* 

North  of  Bt^land.  ^        Tburjngin. 

1,  Cryatalline  or  concretionaiy,  and        1.  Stinkatein. 

non-crystalline  limestone, 

2,  Bracciatedandpaeudo-brecciated         2.  Raueliwacke. 

limestone. 

8.  FossiUferous  limestone.  3.  Dolomit,  or  Upper  Zechateio. 

4,  Compact  limestone.  4.  Zechstem,  or  Lower  Zeohatein. 

6,  Marl-alate.  S.  Mergel-sehiefer,  or  Kupfersehiefer. 

6.  Inferior  aandatonea  of  variuua  col-  6,  Rothliegendes, 

*  Palieontograpliical  Society,  1848,  London. 
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I  shall  proceed,  therefore,  to  treat  briefly  of  these  subdivisions,  begin- 
ning with  the  highest,  and  referring  the  reader,  for  a  fuller  description  of 
the  lithological  character  of  the  whole  group,  as  it  occurs  m  the  noi-lh 
of  England,  to  a  valuable  memoir  by  Professor  Sedgwick,  published  in 
1835.* 

CTystallim  or  coneretkmary  limestone  (No.  1). — This  formation  is  seen 
upon  the  coast  of  Duihajn  and  Yorkshire,  between  the  "Wear  and  the 
Tees.  Among  its  characteristic  fossils  are  ScMzodus  ScUothdmi  (fig, 
333)  and  Myiilus  septifer  (fig.  335). 


BMxo^'os  BdMatheimi,  deli 
GrTSlalliiie  limestone,  Ferin 


These  shells  occur  at  Hartlepool  an  1  SunJerijud  wheie  the  loct  -js 
sumes  an  oolitic  and  botroidal  diar'jcter  Some  of  the  bed-i  m  this 
division  are  ripple-marked ;  and  Mr.  King  imigmes  that  the  ibsence  of 
corals  and  the  character  of  the  shells  mdicite  shalbw  watei  In  some 
parts  of  the  coast  of  Durham,  whei'C  the  rook  is  not  ryatalhne  it  c  n 
tains  as  much  as  forty-four  per  cent,  of  carbonate  ot  magnesia  mixed 
with  carbonate  of  lime.  In  other  places  —for  it  is  eftiemely  zombie  m 
structure, — it  consists  chiefly  of  carbonate  of  hme  and  has  ooncieted 
into  globular  and  hemispheiieal  masses  varying  from  the  size  of  a  mar 
bJe  to  that  of  a  cannon-ball,  and  radiating  fiom  the  cent  e,  OciasionaJly 
earthy  and  pulvemlent  beds  pass  into  compact  hmestone  or  hard  gi'anu- 
lar  dolomite.  The  stratification  is  very  irregular,  in  some  places  well- 
defined,  in  othei's  obliterated  by  the  concretionary  action  which  h^  re- 
arranged the  materials  of  the  rooks  subsequently  to  their  original 
deposition.  Examples  of  this  are  seen  at  Pontefract  and  E.ipon  in, 
Yorkshire. 

The  brecdated  limestone  (No.  2)  contains  no  fragments  of  foreign 
rocks,  but  seems  composed  of  the  breaking-up  of  the  Penniau  limestone 
itself,  about  the  time  of  its  consolidation.  Some  of  the  angular  masses 
in  Tyneaiouth  Oiiff  are  2  feet  in  diameter.  This  breccia  is  considered 
by  Professor  Sedgwick  as  one  of  the  forms  of  the  preceding  limesliine, 
No.  1,  rather  than  as  regulai'Iy  underlying  it,  Tlie  fragments  are  angu- 
lar' and  never  water-worn,  and  appear  to  have  been  re-cemented  on  the 
spot  where  they  were  formed.  It  is,  therefore,  su^ested  that  they  may 
have  been  due  to  those  internal  movements  of  the  mass  which  produced 
the  concretionary  structure ;  but  the  subject  is  very  obscure,  and  after 

*  Trans.  Geol,  Soc.  Load.  Second  Series,  vol,  iii.  p.  ST. 
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Studying  the  pTienomenon  in  the  Mareton  Rocks,  on  the  coast  of  Dur- 
ham, I  found  it  impossible  to  form  any  positive  opinion  on  tie  subject. 
The  well-lmowii  brecciafed  limestones  of  the  Pyrenees  appeai'ed  to  me  to 
present  the  nearest  analogy,  hut  on  a  much  smaller  scale, 

ThefossiUfennts  limestone  (No.  3)  is  regarded  hy  Mr.  King  as  a  deep- 
water  formation,  from  the  numerous  delicate  corals  which  it  includes. 
One  of  these,  Fenesiella  rettformis  (fig.  336),  is  a  veiy  variable  species, 


1  many  diflerent  names.     It  sometimes  attains  a  large 
8  inches  in  width.     The  same  zoophyte  is  also  found 
abundantly  in  the  Permian  of  Gfermany. 

Shells  of  the  genera  Spirifer  and  Prodncliis,  which  do  not  occur  in 
strata  newer  than  the  Permian,  are  abundant  in  this  division  of  the  aeries 
in  the  ordinary  yellow  magnesian  Jimestoiie.     (See  figs.  33Y,  338.) 


JVodarrttM  eoJmM,  Bo™.  Min.  Con. 

Index,  Ac.  King's  Monogr.,  Sm. ; 

Magnffiiau  limestone. 


SpiHfir  uadtiiaiiK.  Bore.  MId.  Con, 
Sj'ii.  i^^gtmotr-eta  imdidata,  King's 

Magnffilan  Lim^stuue. 


The  compact  UineHone  (No.  4)  also  contains  organic  remains,  especially 
corallines,  and  is  intimately  connected  witt  the  preceding.  Beneath  it 
lies  tte  marl-slate  {No.  5),  which  consists  of  hard,  calcareous  shales, 
marl-slate,  and  thin-bedded  limestones.  At  East  Thictley,  in  Durham, 
where  it  is  thirty  feet  thick,  this  slate  has  yielded  many  fine  specimens 

*  King's  Monogi'apli,  pi.  2. 
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of  fossil  fish  of  the  genera  Palmcmiscus,  Pygopterua,  Coelacanthus,  and 
Platysomus,  genera  which  aie  all  found  in  the  coal-measures  of  the  eat- 
boniferous  epoch,  and  which,  therefore,  says  Mr.  King,  prohably  lived  at 
no  great  distance  from  the  sliote.  But  the  Permian  species  are  peculiar, 
and,  for  the  most  part,  identical  with  those  found  in  the  marl-slate  or 
copper-slate  of  Thuringia. 


The  Palceonisciis  above  mentioned  belongs  to  that  division  of  fishes 
which  M.  Agassiz  has  called  "  Heterocercal,"  which  have  their  tails  une- 
qually bilohate,  lite  the  recent  shark  and  sturgeon,  and  the  vertebral 
column  running  along  the  upper  caudal  lobe.  (See  fig,  340.)  The 
"  Homocercal"  fish,  which  comprise  almost  all  the  8000  species  at  present 


known  in  the  h^mg  cicdticn  ]  up  tko  tail  fin  either  single  or  eq.ually 
divided;  and  the  vertebral  cihimn  sto^s  "hort,  and  is  not  prolongetl 
into  either  lobe     (See  hg  341 ) 

Now  it  is  a  singular  fict,  fii'St  pointed  out  by  Agassiz,  that  the  heter- 
ooeral  form,  which  is  confined  to  a  small  number  of  genera  in  the  exist- 
ing creatdon,  is  universal  in  the  Magnesian  limestone,  aad  all  the  more 
ancient  formations.  It  characterizes  the  earliei'  periods  of  the  earth's 
history,  when  tlie  organization  of  fishes  made  a  greater  approach  to  that 
of  saurian  reptiles  than  at  later  epochs.  In  all  the  strata  above  the 
Magnesian  lijnesfone  the  homocercal  tail  predominates, 

A  full  description  has  been  given  by  Sir  Philip  li^iton  of  the  species 
of  fish  characteristic  of  the  marl-slate  in  Mr.  King's  monograph  before 
referred  to,  where  figures  of  the  iohthyolites  which  are  very  entire  and 
well  preaeiTed,  will  be  found.  Even  a  single  scale  is  iisually  so  eharao- 
teristically  marked  as  to  indicate  the  genus,  and  sometimes  even  the  par- 
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DOLOMITIC  CONGLOMEBATE.  S05 

e  often  scattered  througli  the  beds  singly,  and 
;e  of  the  rode. 


FIfr  Sli  /WiTOnfcKS  cow(i«  Agaealz.  Scale  magnlflei 
Pig  W.  Talmeai^^ag  el^n^  h6iJ  Undw  aitface  ol  a 
FJg  SM.  Palmmkiiis  g7a^jrvs,Ag  Under  snrj^ce  ol 
Fife.  Sto.  (.otlaeatUMis  eamlalu,  E^stton.    Boiile  ahowing 


The  inferior  sandstoms  (No.  6,  Tal).  p.  301),  which  lie  beneath  the 
marl-slate,  consist  of  sandstone  and  sand,  separating  the  magneaian  lime- 
stone from  the  coal,  in  Yorkshire  and  Durham.  In  some  instances,  red 
mai'l  and  gypsum  have  been  found  associated  with  these  beds.  They 
have  been  classed  with  the  magnesian  limestone  by  Professor  Sedgwick, 
as  being  neai'ly  co-ext«isive  witJi  it  in  geographical  range,  though  their 
relations  are  veiy  obscure.  In  some  regions  we  find  it  stated  tJiat  the 
imbedded  plants  are  all  specifically  identical  with  those  of  the  carbonifer- 
ous series  ;  and,  if  so,  they  probably  belong  to  that  epoch  ;  for  the  true 
Permmn  flora  appears,  from  the  researches  of  MM.  Murchison  and  de 
Vemeuil  in  Russia,  and  of  Colonel  von  Gutbier  in  Saxony,  to  be,  with 
few  exceptions,  distinct  from  that  of  the  coal  (see  p.  307). 

Dolomitk  conghmeraie  of  Bristol—fiesx  Bristol,  jn  Somersetshire, 
and  in  other  counties  bordering  the  Severn,  the  nncoiiformable  beds  of 
the  Lower  New  Ited,  resting  immediately  upon  the  Coal,  consist  of  a 
conglomerate  called  "dolomitic,"  because  the  pebbles  of  older  rocks  are 
cemented  together  by  a  red  or  yellow  base  of  dolomite  or  magnesian 
limestone.  This  conglomerate  or  breccia,  for  the  imbedded  fi'agments 
are  sometimes  angular,  occurs  in  patehes  over  the  whole  of  the  downs 
near  Bristol,  filling  up  the  hollows  and  irregnlarities  in  the  mountain 
hmestone,  and  being  principally  composed  at  every  spot  of  the  debris  of 
those  rocks  on  which  it  immediately  resta.  At  one  point  we  find  pieces 
of  coal  shale,  in  another  of  mountain  limestone,  recognizable  by  its 
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peculiar  shells  and  zooplijtes.     Fractured  bones,  also,  and  teeth  of  saw- 
rians,  are  dispersed  through  some  parts  of  the  breccia. 

These  sauriana  (which  until  the  discovery  of  the  Arch^ffasawu3  in  the 
coal  were  the  most  ancient  examples  of  fossil  reptiles)  are  all  distin- 
guished by  having  the  teeth  implanted  deeply  in  the  jaw-bone,  and  in 
distinct  sockets,  instead  of  being  soldered,  as  in  frogs,  to  a  simple  alveo- 
lar parapet.  la  the  dolomitic  conglomerate  near  Bristol  the  remains  of 
species  of  two  distinct  genera  have  been  found,  called  Thecodmtosaurus 
and  FalteosauTus  by  Dr.  Biley  and  Mr.  Stutchbury  ;*  the  teeth  of 
which  are  conical,  compressed,  and  with  finely  serrated  edges  (figs.  348 
and  349). 


In  Eusaia,  also,  Thecodont  saurians  occur,  in  beds  of  the  Permian  age, 
of  several  genera,  while  otters  named  Protorosauriis  are  met  with  in 
the  Zechstein  of  Thurin^a.  This  family  of  reptiles  is  allied  to  t!ie  liv- 
ing monitor,  and  its  appearance  in  a  primary  or  paleozoic  foi-mation, 
observes  Mr.  Owen,  is  opposed  to  the  doctrine  of  tie  progressive  devel- 
opment of  reptiles  from  &h,  or  from  simpler  to  more  complex  forms ; 
for,  if  they  existed  at  the  present  day,  these  monitors  would  take  rank 
at  the  bead  of  the  Lacertian  order.f 

In  Russia  the  Permian  rocks  are  composed  of  white  limestone,  with 
gypsum  and  white  salt ;  and  of  red  and  green  grits,  with  occasionally 
copper  ore ;  also  magnesian  limestones,  marlstones,  and  conglomerates. 

The  country  of  Mansfeld,  in  Thurin^  may  be  called  the  classic 
ground  of  the  Lower  New  Red,  or  Magnesian  Limestone,  or  Permian 
formation,  on  the  Continent.  It  consists  there  pnncipally  of,  first,  the 
Zechstein,  corresponding  to  the  upper  portion  of  our  English  series ;  and, 
secondly,  the  marl-slate,  witk  fish  of  species  identical  with  those  of  the 
bed  so  called  in  Durham.  This  slaty  marlatone  is  richly  impregnated 
with  copper  pyrites,  for  which  it  is  extensively  worked.  Magnesian 
limestone,  gypsum,  and  rocli-salt  occur  among  the  superior  strata  of  this 
group.     At  ite  base  lies  the  Rothliegendes,  supposed  to  correspond  witi 

*  See  paper  by  Mesars.  Mej  and  Stutchbury,  Geo!.  Trans,  Second  Soriea,  vol 
■V.  p.  349,  plate  29,  figures  2  and  5. 

I  Owen,  Report  on  Reptiles,  British  Assoc,  Eleventh  Mcetnjg,  1841,  p.  19*1. 
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Peiin  in  Russia. 
Peci^teris  arboi 
(Ljcopodites),  ( 


tlie  Infeiior  or  Lower  Kew  Red  Sandstone  above  mentioned,  which 
occupies  a  similar  place  in  England  between  the  marl-slate  and  coaJ. 
Its  local  name  of  Eothliegendes,  red-Iyer,  or  "  Roth-fodt-liegendes,"  red- 
dead-Iyer,  was  given  by  the  workmen  in  the  Geiman  mines  from  its  red 
color,  and  because  the  copper  has  died  out  when  they  reach  this  rock, 
which  is  not  metalliferous.  It  is,  in  fact,  a  gi'eat  deposit  of  red  sandstone 
and  conglomerate,  with  associated  porpkjry,  basaltic  ttap,  and  amjg- 
daioid. 

Permian  Flora. — We  leani  from  the  recent  investigation  of  Colonel 
von  Gutbia-,  that  in  the  Peiinian  racks  of  Saxony  no  less  than  sixty 
species  of  fossil  plants  have  been  met  with,  forty  of  which  have  not  yet 
been  found  elsewhere.  Two  or  three  of  these,  as  Catamites  ffiffos,  Sphe- 
nopteris  erosa,  and  S.  lohata,  are  also  met  with  in  the  government  of 
in  others,  and  among  them  Neuropteris  Loshii, 
and  P.  similis,  with  several  species  of  Walchia 
to  the  coal-measures. 
Among  tlie  genera  also  enumerated  by  Col- 
onel Gutbier  are  AsteropMUites  and  AnntilaHa, 
so  characteristic  of  the  carboniferous  period ;  aiao 
Lepidodmidron,  which  is  common  to  the  Permian 
of  Saxony,  Thnringia,  and  Russia,  although  not 
abundant  Noeggerathia  (see  fig.  350),  supposed 
by  A.  Brongniart  %o  be  allied  to  C'yeas,  is  another 
link  between  the  Permian  and  carboniferous  veg- 
etation. ConiferEe,  of  the  Araucaiian  division, 
also  occur ;  but  these  are  likewise  met  with  both 
m  older  and  newer  rocks.  The  plants  called 
Sigillana  and  Stigmaria,  so  marked  a  feature 
m  the  carboniferous  period,  are  as  yet  want- 
mg. 

Among  the  remarkable  fossils  of  the  rothlie- 
gendes,  or  lowest  part  of  the  Permian  in  Saxony 
■jnd  Bohemia,  are  the  silidfied  trunks  of  tree- 
tems  called  generically  Psaronius.    Their  bark 
was  suri'ounded  by  a  dense  mass  of  air-roots, 
""'"^i^^g^Xt*""'      which  often  constituted  a  gi'eat  addition  to  the 
original   stem,   so   as  to   double   or   quadruple 
its  diameter.     The  same  remark  holds  good  in  i-egard  to  certain  liv- 
ing exti'a-tropica!  arborescent  ferns,  particularly  those   of   New  Zea- 

Paaronites  are  also  found  in  the  uppermost  coal  of  Autun  in  France, 
and  in  the  upper  coal-measures  of  the  State  of  Ohio  in  the  United 
States,  but  specifically  different  from  those  of  tlie  rothliegendes.  They 
serve  to  connect  the  Permian  flora  with  the  more  modern  portion  of  the 

*  Murchiaon's  Russia,  vol.  ii.  pi.  A.  fig.  3, 
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pi'eeeding  or  carboniferous  group.  Upon  the  whole,  it  is  evident  that 
tho  Permian  plants  approach  Dearer  to  the  carboniferous  ones  tiiau  to 
the  triassic ;  and  Uie  same  may  be  said  of  the  Peimian  fauna. 


CHAPl'ER  XXIV. 

i    COAL,    OR    CABBOSIPEROUS    GROUP 


Carboniferous  strata  in  the  soutliweet  of  England— Superposition  of  Coal-m 

to  Monntain  limestone — Departnre  from  this  type  in  north  of  England  and 
Scotland — Section  in  South  Wales — Underalays  with  Stigmaria — Carboniferoua 
Flora — Ferns,  Lepidodendra,  Calamitee,  Asferopbyllites,  Sigtllaria},  Stigmariai 
— Coniferie — Endt^ens — Absence  of  Exogens — Coal,  how  Ibnned — Erect  fossil 
trees — Pwkfield  Colliery — St.  Etienne,  Ooal-fleld — Oblique  trees  or  snags — 
Fossil  foreeta  in  Nova  Scotia — -BrackiBh  water  and  marine  strata— Origin  of 
Clay-iron-atone 

The  next  group  whieli  we  meet  with  in  tke  descending  order  is  the 
Carboniferous,  commonly  called  "The  Coal ;"  because  it  contains  many 
beds  of  that  mineral,  in  a  more  or  less  pure  state,  iaterstratifled  with  sand- 
stones, shales,  and  limestones.  The  coal  itself  even  in  Great  Britain  and 
Bdgium,  where  it  is  most  abundant,  constitutes  but  an  insignificant  por- 
tion of  the  whole  mass.  In  tie  north  of  England,  for  example,  the 
thickness  of  the  coal-bearing  strata  has  been  estimated  at  3000  feet, 
while  the  various  coal-seams,  20  or  30  in  number,  do  not  in  tlie  aggre- 
gate exceed  60  feet.* 

The  carboniferous  formation  comprises  two  very  distinct  members  : 
1st,  that  usually  called  the  Coal-measures,  of  mixed  freshwater,  terrcs- 
tria),  and  marine  origin,  often  including  seams  of  coal ;  2dly,  that  named 
in  England  the  Mountain  or  Carboniferous  limestone,  of  purely  marine 
origin,  and  containing  corals,  shells,  and  encrinites. 

In  the  southwestern  part  of  our  island,  in  Somersetshire  and  South 

"Wales,  the  three  divisions  usually  spoken  of  by  the  English  geologists 

are: 

,   -1    ,  1  Strata  of  shale,  sandstone,  and  grit,  with  occasional  seams 

i.  t-oai-measurcs     -^      ^^  ^^j^  f^^  ^j^^j  ^^  ufioo  feet  thick. 

(  A  coarse  quartzose  aandstono  passing  into  a  conglomerate, 
2.  Millstone  grit     J      sometimes  Dsed  for  millstones,  with  beda  of  shale  ;  usually 

(      devoid  of  coal ;  occasionally  above  600  feet  thick. 
^°^^%"   "'      (.  -A-  calcareous  toofc  containing  marine  sheila  Mid  corala ;  de- 
Ume^e  f     '"id  of  coal;  IMckneaa  variable,  sometiraes  BOO  feet. 

The  millstone  grit  may  be  considered  as  one  of  the  coal  sandstones 

*  Phillips ;  art  "  Geology,"  Encyc  Britan. 
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of  coarser  textui'e  than  usual,  with  some  accompanying  shales,  in  which 
coal  plants  aro  occasionally  found.  In  the  north  of  England  some  bands 
of  limestone,  wiUi  pectens,  oysteis,  and  other  marine  shells,  occur  in  this 
.  grit,  jnst  as  in  the  rt^lar  coal-measures,  and  even  a  few  seams  of  coal. 
I  shall  treat,  thei'efore,  of  the  whole  group,  as  consisting  of  two  divisions 
only,  the  Coal-measures  and  Mountain  Limestone.  The  latter  is  found 
in  the  southeni  British  coal-fields,  at  the  base  of  the  system,  or  imme- 
diately in  contact  with  the  subjacent  Old  Ked  Sandstone;  but  as  we 
proceed  northwards  to  Yorkshire  and  Northumberland  it  be^ns  to  alter- 
nate with  true  coal-measures,  the  two  deposits  forming  together  a  series 
of  strata  about  1000  feet  in  thickness.  To  this  mixed  formation  succeeds 
the  great  mass  of  genuine  mountain  limestone.*  Farther  nortli,  in  the  - 
Fifeshire  coal-field  in  Scotland,  we  observe  a  still  widei'  departure  ftom 
the  type  of  the  south  of  England,  or  a  more  complete  intercalation  of 
dense  masses  of  marine  limestones  with  sandstones,  and  shales  contain- 
ing coal. 


OOAL-MEABlTBEa. 

In  South  Wales  the  coal-measures  have  been  ascertained  by  actual 
measurement  to  attain  the  extraordinary  thickness  of  12,000  feet,  the 
beds  throughout,  with  the  exception  of  the  coal  itself  appearing  to  have 
been  formed  in  water  of  moderate  depth,  during  a  slow  but  perhaps  in 
termittent  depression  of  the  ground,  in  a  region  to  which  rivers  were 
bringing  a  never-failing  supply  of  muddy  sediment  and  sand.  The  same 
area  was  sometimes  covered  with  vast  forests,  such  as  we  see  in  the  deltas 
of  great  rivei's  in  warm  chmates,  which  are  liable  to  be  submerged  beneath 
fresh  or  salt  water  should  the  ground  sink  vertically  a  few  feet. 

In  one  seelioa  near  Swansea  in  South  Wales,  where  the  total  thick- 
ness of  strata  is  3246  feet,  we  learn  from  Sir  H.  De  la  Beohe  that  there 
are  ten  principal  masses  of  sandstone.  One  of  these  is  500  feet  thick, 
and  the  whole  rf  them  make  together  a  thickness  of  2125  feet.  They 
are  separated  by  masses  of  shale,  varying  in  thickness  fi'om  10  to  50  feet. 
The  intercalated  coal-beds,  sixteen  in  number,  are  generally  from  1  to 
5  feet  thick,  one  of  them,  which  has  two  or  three  layers  of  clay  inter- 
posed, attaining  9  feet.f  At  other  points  in  the  same  coal-field  the  shales 
predominate  over  the  sandstones.  The  horizontal  extent  of  some  seams 
of  coal  is  much  greater  than  that  of  otheiB,  but  they  all  present  one 
characteristic  feature,  in  having,  each  of  them,  what  is  called  its  w-mier' 
clay.  These  nnderclaj^  co-extensive  with  every  layer  of  coal,  consist  of 
arenaceous  shale,  sometimes  called  fire-st^ne,  because  it  can  be  made  into 
bricks  which  stand  the  iire  of  a  furnace.     They  vary  in  thickness  from 

*  Sedgwiolt,  Geol  Trans.  Second  Seriee,  vol.  iv, ;  mid  Phillips,  Geol.  of  Torksh, 
f  Memoirs  of  Geol.  Survey,  voL  i.  p.  195. 
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6  inches  to  more  than  10  feet ;  and  Mr.  Logan  first  announced  to  the 
scientific  world  in  1841  that  they  were  regarded  by  fJie  colliers  in  South 
Walefi  as  an  essential  accompaniment  of  each  of  the  one  hundred  seams 
of  coal  met  with  in  their  coal-field.  They  are  said  to  form  the  Jloor 
on  which  the  coal  rests ;  and  some  of  them  have  a  slight  admixture  of 
carbonaceous  matter,  while  others  are  quite  blackened  by  it. 

All  of  them,  as  Mr.  Logan  pointed  out,  are  characterized  by  inclosing 
a  peculiar  species  of  fo^il  vegetable  called  Stigmaria,  to  the  excliKion 
of  other  plants.  It  was  also  obseiTed  that,  while  in  the  overlying  shales 
or  "  roof"  of  the  coal,  fems  and  trunks  of  tieea  abound  without  any 
StigTnaricB,  and  are  flattened  and  compressed,  those  singular  plants  in 
the  underclays  always  retain  their  natural  forms,  branching  fi'eely,  and 
sending  out  their  slender  leaves,  aa  they  were  formerly  styled,  through 
the  mud  in  all  directions.  Several  species  of  Stigma,ria  had  long  been 
known  to  botanists,  and  described  by  tKem,  before  tieir  position  under 
each  seam  of  coal  was  pointed  out.  It  was  conjectured  tliat  they  might 
be  aquatic,  perhaps  floating  plants,  which  sometimes  extended  tteir 
branches  and  leaves  freely  in  fluid  mud,  and  which,  were  finally  enveloped 
in  the  same  mud. 


These  statements  will  suffice  to  convince  the  reader  that  we  cannot 
arrive  at  a  satisfaotoiy  theory  of  the  origin  of  coal  till  we  understand  th.e 
true  nature  of  Stigmaria;  and  ia  order  to  explain  what  is  now  known 
of  this  plant,  and  of  others  which  have  contributed  by  their  decay  to 
produce  coal,  it  will  be  necessary  to  offer  a  brief  preliminaiy  sketeh  of 
the  whole  carboniferous  flora,  an  assemblage  of  fossil  plants,  with  which 
we  are  better  acquainted  than  with  any  other  which  flourished  antece- 
dently to  the  tertiary  epoch.  It  should  also  be  remarked  that  GfOppei't 
has  ascertained  that  the  remains  of  every  &mily  of  plants  scattered 
through  the  coal-measures  are  sometimes  met  with  in  the  pure  coal  it- 
self;  a  fact  which  adds  greatly  to  the  geolo^cal  interest  attached  to 
ibis  flora. 

Ferns. — The  number  of  species  of  carboniferous  plants  hitherto  de- 
scribed amounts,  according  to  M.  Ad.  Brongniart,  to  about  600.  These 
may  perhaps  be  a  fragment  only  of  the  entire  flora,  but  they  are  enough 
to  show  that  the  state  of  the  vegetable  world  was  then  extremely  dif- 
ferent from  that  now  established.  We  are  struck  at  the  first  glance 
with  the  similarity  of  many  of  tlie  ferns  to  those  now  living,  and  the 
dissimilarity  of  almost  all  the  dlher  fossils  except  the  coniferse.  Among 
the  ferns,  as  in  the  case  of  Pecopleris  for  example  (fig.  361),  it  ia  not 
always  easy  to  decide  whether  they  should  be  referred  to  different  gen- 
era from  those  established  for  the  dassification  of  living  species ;  where- 
a.^,  in  regard  to  most  of  the  other  contemporary  tribes,  with  the  ex- 
ception of  the  coniferEe,  it  ia  often  difiieiilt  to  guess  the  family,  or  even 
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the  ckss,  to  which  they  belong.  The  faras 
of  the  cavboniferous  period  are  generally 
without  orgatis  of  ihictification,  but  in  some 
specimens  these  are  well  preserved.  In  the 
general  absence  of  such  characters,  they 
have  been  divided  into  genera,  distinguished 
chiefly  by  the  branching  of  the  ftonds,  and  the 
way  in  which  the  vema  of  the  leaves  are  dis- 
posed; The  larger  portion  are  supposed  to  have 
been  of  the  size  of  ordinary  European  ferns, 
but  some  were  decidedly  arborescent,  espe- 
cially the  group  called  Oaiihpterk,  by  Lind- 
ley,  and  tlie  Pmrmius  of  the  upper  or  new- 
est coal-measures,  before  alluded  to  (p.  307). 
All  the  recent  tree-ferns  belong  to  one 
tribe  (Poli/podiacecE),  and  to  a  smaJ!  num- 
ber only  of  genera  in  that  tribe,  in  which 
mm-ked  with  sears  or  cicatrices,  left  after  the 
5cars  resemble  those  of  Caulopleris  (see  fig. 
No  less  than  350  ferns  have  already  been  obtained  from  the  coal 
strata ;  and  even  if  we  make  some  reduction  on  the  gi-ound  of  varieties 
which  have  been  mistaken,  in  the  absence  of  tlieir  fructification,  for 
species,  slill  the  result  is  singular,  because  the  whole  of  Europe  afl'oi-ds 
at  present  no  more  than  50  indigenous  species. 


Ca^t^pterie  priftusfno^  Liudlay. 


the  surface  of  the  trunk 
fell  of  the  fronds.     These 
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Lepidodendra. — These  fossils  belong  to  the  famiiy  o?  Lyc^odiums, 
yet  most  of  them  grew  to  the  size  of  large  trees.     The  annexed  figures 
<,  large  fossil  Lepidodendron,  49  feet  loBg,  found  in  Jarrow 


lie,  3S3.  Brsncbing 

Flo.  i) 

Fig.  35».  Portion  vl 


ei  o!  L.  Slerabergli,  (Foas 
;;  natural  alie.'  (Ibid.) 


Colliery,  near  Newcastle,  lying  in  shale  parallel  to  the  planes  of  stratifi- 
cation. Fragments  of  others,  found  in  the  same  shale,  indicate,  by  tlie 
size  of  the  rhomboidal  scars  which  cover  them,  a  still  greater  magnitude. 
The  living  club-mosaes,  of  which  there  arc  about  200  species,  are  abun- 
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logDjflecl, 


dant  in  tropical  dimatea,  wliere  one  species  is  sometimes  met  with  at- 
taining a  height  of  3  feet  They  usually  treep  on  the  ground,  but  some 
stand  erect,  as  the  L  densum,  from  New  Zealand,  (fig  360). 

In  the  Ldrbomferous  strata  of  Coalbioot  D'ile,  and  m  miny  other  coal- 
fields, elongated  eyhndneal  bodies,  called  fossil  cuiies,  named  by  M. 
Adolphe  Biongmaif,  Leptdostrohui,    are  mpt   with       (Sps  fig    361.) 


They  often  loim  the  nucleus  ot  tonattioiidij  bills  ot  day  iron  stone, 
and  are  well  preserved,  exhibiting  a  conit^tl  axis,  around  whiUi  a  great 
quantity  of  scales  weie  compactly  imbricated  The  opinion  of  M. 
Brongmart  it.  now  generally  adopted,  that  the  Lepidosti  obu>,  is  the  truit 

Equuetai^cB — To  this  family  belong  two  species  of  the  genus  Equv- 
setites,  alhed  to  the  living  "  horie  tail"  which  now  grows  in  marshy 
grounds.     Other  species,  which  have  jointed  sti  ms,  depart  moic  widely 
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from  Equisetnm,  but  are  yet  of  analogous  organization,  TLey  diffeiiid 
from  it  principally  in  being  furnished  with  a  thin  hark,  which  is  repre- 
sented in  the  stem  of  C.  Suekowii  (fig.  363),  in  whioli  it  will  be  seen 
tliat  the  atriped  external  pattern  does  not  agree  with  that  left  on  the 
stone  where  the  bark  is  stripped  off;  so  that  if  the  two  impressions  were 
seen  separately,  they  might  he  mistaken  for  two  distinct  species. 

The  tallest  living  "  horse-tails"  are  only  2  or  3  feet  liigh  in  Europe, 
and  even  in  tropical  climates  only  attain,  as  in  the  case  of  Eqiiisetum 
ffiffanteum,  discovered  by  Humboldt  and  Bonpland,  in  South  Ameiica,  a 
height  of  about  6  feet,  the  stem  being  an  inch  in  diameter.  Several  of 
the  Calamites  of  the  coa!  acquired  the  height  and  dimensions  of  small 

Asterophyllites. — In  this  family,  M.  Brongniart  includes  several  genera, 
and  among  them  C'alamodendron,  AsteropkyUites,  and  Anntilaria.  The 
graceful  plant,  represented  in  the  annexed  figure,  is  supposed  to  he  a 
branch  of  a  shrub  called  Calamodendron,  a  new  genua,  divided  off  by 

Fig.  8S4. 


AsturopliylUtesfiMosa.    (Foes.  Flo.  25.)   C< 


Brongniart  from  the  Calamites  of  former  authors.  lis  pith  and  mcdul- 
laiy  rays  seem  ta  show  that  it  was  dicotyledonous,  and  it  appeal's  to  have 
been  allied,  by  the  nature  of  its  tissue,  to  the  gymnogens,  or  still  moie, 
to  the  SiffUlaria,  which  will  next  be  mentioned. 

Sigillaria. — A  large  portion  of  the  trees  of  the  carboniferous  peiiod 
belonged  to  this  genus,  of  which  about  thirty-five  species  are  known. 
The  straeture,  both  internal  and  externa!,  was  very  peculiar,  and,  with 
reference  to  existing  types,  very  anomalous.  They  were  formerly  referred, 
by  M.  Ad,  Brongniart,  to  fema,  which  they  resemble  in  the  scalariform 
texture  of  their  vessels,  and,  in  some  degree,  in  the  form  of  the  dcatriees 
left  by  the  base  of  the  leaf-stalks  whidi  have  Men  off  {see  fig.  365). 
But  with  these  points  of  analogy  to  cryptogamia,  they  combine  an  in- 
fernal organization  much  resembling  that  of  cyeads,  and  some  of  tliem 
are  ascertained  to  have  had  long  Mnear  leaves,  quite  unlike  those  of 
ferns.  They  grew  to  a  great  height,  from  30  to  60,  or  even  '70  feet, 
with  regular  cylindrical  atems,  and  without  branches,  although  some 
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Fig.  300. 


species  were  dichotomoiis  towards  the  top. 
Their  fiufed  trunis,  from  1  to  5  feet  in  di- 
ameter, appear  to  have  decayed  rapidly  in 
the  interior,  so  as  to  become  hollow,  when 
standing ;  when,  thei-efore,  they  were  thrown 
prostrate  on  tlie  mud,  they  were  squeezed 
down  and  flattened.  Hence,  we  find  the 
bark  of  the  two  opposite  sides  (now  con- 
i"erted  into  bright  shining  coal)  to  consti- 
tute two  horizontal  layers,  one  upon  the 
other,  half  an  inch,  or  an  inch,  in  thick- 
ness. These  same  tninks,  when,  they  are 
placed  obliquely  Or  veitically  to  the  planes 
of  stratification,  retain  tlieii'  original  rounded 
form,  and  are  uncompressed,  the  cylinder  of 
bark  liaving  been  filled  with  sand,  which 
now  afibrds  a  cast  of  the  interior. 
ia. — This  fossil,  tlie  importance  of  which  has  already  been 
pointed  out,  was  formerly  conjectured  to  he  an  aquatic  plant.  It  is  now 
ascertained  to  he  the  root  of  Siffillaria.  The  connection  of  the  roots 
ivith  the  stem,  previously  suspected,  on  botanical  grounds,  by  Brongniart, 
was  first  proved,  hy  actual  contact,  in  the  Lancashire  coal-field,  by  Mr. 
Binney.  The  feet  has  lately  been  shown,  even  more  distinctly,  by  Mr. 
Richard  Brovm,  in  his  description  of  the  Stigmarim  occurring  in  the  un- 
derclays  of  the  coaJ-searas  of  the  Island  of  Cape  Breton,  in  Nova  Scotia. 


SigOiarUi  Icevigati 


In  a  specimen  of  one  of  tliesa,  represented  in  the  annexed  figure  (fig. 
366),  the  spread  of  the  roots  was  16  feet,  and  some  of  them  sent  out 
rootlets,  in  all  directions,  into  the  surrounding  clay. 

The  maimeT  of  attachment  of  the  fibres  to  the  st«m  resembles  that  of 
a  ball  and  socket  joint,  the  base  of  each  rootlet  being  concave,  and  fitting 
on  to  a  tubercle  (see  figs.  367  and  368).  Rows  of  these  tubei'cles  are 
aiTanged  spirally  I'ound  each  root,  which  have  always  a  medullary  cavity 

*  The  trunk  ia  this  ease  is  referred  by  Mr.  Brown  to  Zepidodmdron,  but  his  il- 
laatralions  seem  to  show  (he  usual  markings  Bssumed  by  SigiUaria  near  its  base. 
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and  woody  texture,  much  I'esembling  that  of  Siffillaria,  the  structure  of 
the  vessels  being,  like  it,  scalariform. 

Conifers. — The  coniferous  trees  of  tliis  penod  are  referred  to  five  gen- 
era ;  the  woody  structure  of  aome  of  them  showing  that  they  were  allied 
to  the  Aiaucarian  division  of  pines,  more  than  to  any  of  our  common 
European  firs.     Some  of  their  trunts  exceeded  44  feet  in  height. 

Midoffens. — Hitherto  but  few  monocotyledonous  plants  have  been 
discovered  in  the  coal-strata.  Most  of  these  consist  of  fruits  referred  by 
some  botanists  to  palms.  The  three-sided  nuts,  called  TViffonoearpum, 
seven  species  of  which  are  known,  appear  to  have  the  best  claim  to  rank 
as  palms,  although  M,  Ad.  Brongniai-t  enffirtains  some  doubt  even  as  to 
their  being  monocotyledons. 


The  entire  absence,  so  far  as  our  paleontological  investigations  have 
hitherto  gone,  of  ordinary  dicotyledons  or  ex<^ns  in  the  coal  measures, 
is  most  remarkable.  Hence,  M.  Adolphe  Brongniart  has  called  this 
period  the  age  of  acn^ens,  in  consequence  of  the  vast  preponderance  of 
ferns  and  Lyndodendra.,*  Nevertlieless,  a  forest  of  the  period  now  under 
consideration,  may  have  borne  a  considerable  resemblance  to  those  woody 
re^ons  of  New  Zealand,  in  which  ferns,  arborescent  and  herbaceous,  and 
lycopodiums,  with  many  coniferie,  abound. 

The  comparative  proportion  of  living  ferns  and  Arauearice,  in  Norfolk 
Island,  to  all  the  other  plants,  appears  to  be  very  similar  to  that  formei'ly 
home  by  these  tribes  respectively  in  a  forest  of  the  coal-period, 

I  have  already  stated  that  Professor  GBppert,  after  examining  the  fossil 
vegetables  of  the  coal-fields  of  Germany,  has  detected,  in  beds  of  pure 
coal,  remains  of  plants  of  every  family  hitherto  known  to  occur  fo^l  in 
the  coal.  Many  seams  he  remarks,  are  rich  in  SigiUaria,  Lepidodendron, 
and  Stigmaria,  the  latter  in'  such  abundance,  as  to  appear  to  fonii  the 
bulk  of  the  coal.  In  some  places,  almost  all  the  plants  are  calamites,  in 
others  fems.f 

*  For  tenninolc^  of  claBsification  of  planes,  see  iibovc,  note,  p,  223. 
\  Quart.  G«oL  Joorn.  vol.  y.  Mem.  p.  It. 
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Coal — him  formei}. — Erect  trees. — I  shall  now  consider  the  manner  in 
whicJi  the  above-mentioned  plants  are  imbedded  in  the  strata,  and  how 
they  may  have  contributed  to  produce  coal.  "  Some  of  the  plants  of 
our  coal,"  says  Dr.  Bucfeland,  "  grew  on  the  identical  banks  of  sand,  silt, 
and  mnd,  which,  being  now  indurated  to  stone  and  shale,  form  the  strata 
that  accompany  the  coal ;  whilst  other  portions  of  these  plants  have 
been  drifted  to  various  distances  from  the  swamps,  savannahs,  and  forests 
that  gave  them  birth,  particularly  those  that  are  dispersed  through  the 
sandstones,  or  mixed  with  fishes  in  the  shale  beds."  "At  BalgT'ay,  three 
miles  north  of  Glasgow,"  says  the  same  author,  "I  saw  in  the  year  1824, 
as  there  still  may  be  seen,  an  unequivocal  example  of  the  stumps  of  sev- 
eral stems  of  large  trees,  standing  close  togetlier  in  their  native  place,  in 
a  quarry  of  sandstone  of  the  co^  formation."* 

Between  the  years  1837  and  1840,  sis  fossil  trees  were  discovered  in 
the  eoal-fidd  of  Lancashire,  where  it  is  intersected  by  the  Bolton  rail- 
way. They  were  all  in  a  vertical  position,  with  respect  to  the  plane  of 
the  bed,  which  dips  about  15°  to  the  soutli.  The  distance  between  the 
first  and  the  last  was  more  than  100  feet,  and  the  roots  of  all  were  im- 
bedded in  a  soft  argillaceous  shale.  In  the  same  plane  with  the  roote 
is  a  bed  of  coal,  eight  or  ten  inches  thick,  which  has  been  ascertained 
to  extend  across  the  railway,  or  to  the  distance  of  at  least  ten  yarcla. 
Just  above  the  covering  of  the  roots,  yet  beneath  the  coal  seam,  so  lai'ge 
a  quantity  of  the  Lyndostr(Aas  variabilis  was  discovered  inclosed  in  nod- 
ules of  hard  clay,  that  more  than  a  bushel  was  collected  from  the  small 
openings  aronnd  the  base  of  the  trees  (see  figure  of  this  genus,  p.  313). 
The  exterior  trunk  of  each  was  marked  by  a  coating  of  fiiable  coal,  va- 
rying fi'ora  one-quarter  to  three-quarters  of  an  inch  in  thickness  ;  but  it 
crumbled  away  on  removing  the  matrix.  The  dimensions  of  one  of 
the  trees  is  isj  feet  in  circumference  at  tlie  base,  7^  feet  at  the  top,  its 
height  being  II  feet.  All  the  ti'ees  have  laige  spreading  roots,  solid 
and  strong,  sometimes  branching,  and  traced  to  a  distance  of  several 
feet,  and  presumed  to  extend  much  farther.  Mr,  Hawkshaw,  who  has 
described  these  fossils,  thinks  that,  although  they  were  hollow  when 
submei^d,  they  may  have  consisted  ori^nally  of  hard  wood  through- 
out; for  solid  dicotyledonous  trees,  when  prostrated  in  tropical  fbrests, 
as  in  Venezuela,  on  the  shore  of  the  Caribbean  Sea,  were  observed  by 
him  to  be  destroyed  in  the  intenor,  so  that  little  more  is  left  than  an 
outer  shell,  consisting  chiefly  of  the  bart.  This  decay,  he  says,  goes  on 
most  rapidly  in  low  and  flat  tracks,  in  which  there  is  a  deep  rich  soil 
aaid  excessive  moisture,  supporting  tall  forest-trees  and  large  palms,  be- 
low which  bamboos,  canes,  and  minor  palms  flourish  luxuriantly.  Such 
ti'aets,  from  their  lowness,  would  be  most  easily  submerged,  and  their 
dense  vegetation  might  then  give  rise  to  a  seam  of  eoal.f 

In  a  deep  valley  near  Capel-Coelbren,  branching  from  the  higher 

*  .AmiiT.  Address  to  Gleol.  Soe.  1840. 

f  Hawkaliaw,  GeoL  Soc  Proceedings,  Nos.  64  and  6S. 
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part  of  the  Swansea  valley,  four  stems  of  upriglit  Sigillariw  were  seeD, 
in  1838,  piercicg  tiirougli  tlie  coal-measures  of  S.  Wales ;  one  of  them 
was  2  feet  in  diameter,  and  one  13  feet  and  a  Iialf  high,  and  they  were 
all  found  to  terminate  downwards  in  a  bed  of  coal.  "  They  appear," 
says  Sir  H.  De  la  Beche,  "  to  have  constituted  a  portion  of  a  suhterranean 
forest  at  the  epoch  when  the  lower  carboniferous  strata  were  formed,"* 

In  a  colliery  near  Newcastle,  say  the  autliors  of  the  Fossil  Flora,  a 
great  mimher  of  Sigillanm  were  placed  in  the  rock  as  if  they  had  re- 
tained the  position  in  which  they  grew.  Not  less  than  thirty,  some  of 
them  4  or  5  feet  in  diameter,  were  visible  within  an  area  of  60  yards 
square,  the  interior  being  sandstone,  and  the  bark  having  been  converted 
into  coal.  The  roote  of  one  individual  weie  found  imbedded  in  shale; 
and  the  trunk,  after  maintaining  a  perpendicular  eomse  and  circular  form 
for  the  height  of  about  10  feet,  was  then  bent  over  so  as  to  become  hor- 
izontal. Here  it  was  distended  laterally,  and  flattened  so  as  to  be  only 
one  inch  thick,  the  flutings  being  comparatively  dislinctf  Such  vertical 
stems  are  famihar  to  our  miners,  under  the  name  of  coal-pipes.  One  of 
them,  72  feet  in  length,  was  discovered,  in  1829,  near  Gosforth,  about 
five  miles  from  Newcastle,  in  coal-grit,  the  strata  of  which  it  penetrated. 
The  exterior  of  the  trunk  was  mai'ked  at  intervals  with  knots,  indicating 
the  points  at  which  branches  had  shot  off.  The  wood  of  tlie  interior 
had  been  converted  into  carbonate  of  lime ;  and  its  structure  was  beau- 
tifully shown  by  cutting  transverse  slices,  so  thin  as  to  be  transparent. 
(Sm  p.  40.) 

These  "  coal-pipes"  are  much  dreaded  by  our  miners,  for  almost  every 
year  in  the  Bristol,  Newcastle,  and  other  coal-fields,  they  are  the  cause 
of  fatal  accidents.  Each  cylindrical  cast  of  a  tree,  formed  of  sohd  sand- 
stone, and  increasing  gradually  in  siae  towards  the  base,  and  being  with- 
out branches,  has  its  whole  weight  thrown  downwards,  and  receives  no 
support  from  the  coating  of  friable  coal  which  h^  replaced  the  bark. 
As  soon,  therefore,  as  the  cohesion  of  this  external  layer  is  overcome,  the 
heavy  column  falls  suddenly  in  a  perpendicular  or  oblique  direction  from 
the  i-oof  of  the  gallery  whence  coal  has  been  extracted,  wounding  or  kill- 
ing the  workman  who  stands  below.  It  is  strange  to  reflect  how  many 
thousands  of  these  trees  fefl  originally  in  their  native  forests  in  obe- 
dience to  the  law  of  gravity ;  and  how  the  few  which  continued  to  stand 
erect,  obeying,  after  myriads  of  ages,  the  same  force,  are  oast  down  to 
immolate  their  human  victims. 

It  has  been  remarked,  that  if,  instead  of  working  in  the  dark,  the 
miner  was  accustomed  to  remove  the  upper  covering  of  rock  from  each 
seam  of  coal,  and  to  expose  to  the  day  the  soils  on  which  ancient  forests 
grew,  the  evidence  of  their  former  growth  would  be  obvious.  Thus  in 
South  Staffordshire  a  seam  of  coal  was  laid  bare  in  the  year  1844,  in 
what  is  caJIed  an  open  work  at  Parkfield  CoUiery,  near  Wolverhamp- 

•  Geol.  Report  on  Cornwall,  Ac  p.  143. 

I  lindlej  and  Hutton,  Foaa.  Flo.  part  6,  p.  150. 
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ton.  In  the  space  of  about  a  quarter  of  aii  acre  the  stumps  of  no  less 
tliaii  73  trees  with,  their  roots  attached  appeared,  aa  shown  in  the  an- 
nexed plan  (fig.  369),  some  of  tliem  more  than  8  feet  in  circumference. 


The  trunlra,  broken  off  close  to  the  root,  were  lying  prostrate  in  every 
direction,  often  crossing  each  other.  One  of  them  measured  IS,  another 
30  feet  in  length,  and  othera  less.  They  were  invariably  flattened  to 
the  thickness  of  one  or  two  inch^  and  converted  into  coal.  Their  roots 
formed  part  of  a  stratum  of  coal  10  inches  thick,  which  rested  on  a 
layer  of  clay  2  inches  thick,  below  which  was  a  second  forest,  resting  on 
a  3  foot  seam  of  coal.  Five  feet  below  this  again  was  a  thii'd  forest 
with  large  stumps  of  Lepidodendra,  Calamiies,  and  other  trees. 

In  tie  account  given,  in  1821,  by  M.  Alex.  Brongniart  of  the  coal- 
mine of  Treuil,  at  St.  Etienne,  near  Lyons,  he  states,  that  distinct  hoii- 
zontal  strata  of  micaceous  sandstone  are  traversed  by  vertical  trunks  of 
monocotyledonous  vegetables,  resembling  bamboos  or  large  Equiseta.\ 
Since  the  consolidation  of  the  stone,  there  has  been  here  and  there  a 
sliding  movement,  which  has  broken  the  continuity  of  the  stems,  throw- 
ing the  upper  pai'ta  of  them  on  one  side,  so  that  they  are  often  not  con- 
tinuous with  the  lower. 

From  these  appearances  it  was  infeiTcd  that  we  have  here  the  monu- 
menfe  of  a  submerged  forest.  I  formerly  objected  to  this  conclusion, 
suggesting  that,  in  that  case,  all  the  roofs  ought  to  have  been  found  at 
one  and  the  same  level,  and  not  scattered  irregularly  through  the  mass. 
I  also  imagined  that  the  soil  to  which  the  roots  were  attached  should 
have  been  different  ftom  the  sandstone  in  which  the  trunks  are  inclosed. 
Having,  however,  seen  calamitea  near  Kctou,  in  Nova  Scotia,  buried  at 
various  heights  in  sandstone  and  in  similar  erect  attitudes,  I  have  now 
little  doubt  that  M.  Brongniart's  view  was  correct.  These  plants  seem 
to  have  gi'Own  on  a  sandy  soil,  liable  to  be  flooded  from  time  to  time, 

*  See  papers  bj'  Meeera.  Beckett  and  let.    Proceed,  in  GeoL  Soc.  vol  ir.  p,  E87. 
\  Aiinales  dea  MiDee,  ISSl. 
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and  raised  I  j  iif  e   lu       t  aed  rnent  is  n  j  Ldije      i      nanps 

near  the  bit  ks  f  t  la  ^p  i  ver  in  ifi  klu  Tieea  wl  ich  delight  m 
marahy  ^om  Is  are  not  injured  by  be  ng  bur  ed  seveiil  feet  leep  at 
their  base  and  othei  t  eea  ate  txintimially  nwng  tip  fr  m  new  soda, 
several  feet  above  the  level  of  tlie  original  foundations  of  the  morass. 
In  the  banks  of  the  Mississippi,  when  the  water  has  Men,  I  have  seen 
sections  of  a  similar  deposit  in  which  portions  of  the  stumps  of  trees 
with  their  roots  in  situ  appeared  at  many  different  heights.* 

When  I  visited,  in  1843,  the  quarries  of  Treuil  above-mentioned,  the 
fossil  trees  seen  in  fig.  3V0  were  removed,  but  I  o' 
forests  of  erect  trees  in  the  same  coal-field. 


Stmgt.—ln  1830,  a  slanting  tn 


Inellnad  poBitlon  of  a  fti^l  tree,  eutling  tbtoiigb 
horiiontsl  beda  of  sandstone,  QiiJgleltli  qnai- 


I  Oraigleith  quarry, 
near  Edinburgh,  the  total  length  of 
which  exceeded  60  feet.  Its  diam- 
eter at  the  top  was  about  1  inches, 
and  near  the  base  it  measured  5 
feet  in  its  greater,  and  2  feet  in  its 
lesser  widtii.  The  bark  was  con- 
vei-ted  into  a  thin  coating  of  the 
purest  and  finest  coal,  forming  a 
striking  contrast  in  color  with  the 
white  quartzose  sandstone  in  which 
it  lay.  The  annexed  figure  repre- 
sents a  portion  of  this  tree,  about 
15  feet  long,  which  I  saw  exposed 


»  Principles  of  G«ol.  8th  ed.  p.  215. 
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in  1830,  Vihea  all  the  stiata  had  been  removed  fi'om  one  side.  The 
beds  which  remained  were  so  unaltered  and  undisturbed  at  the  point  of 
junction,  as  dearly  to  show  fliat  they  had  heen  ti'anqnilly  deposited 
round  the  tree,  and  that  the  tree  had  not  subsequently  pierced,  through 
thent,  while  they  were  yet  in  a  soft  state.  They  were  composed  chiefly 
of  siliceous  sandstone,  for  the  most  part  white ;  and 
divided  info  laminss  so  thin,  that  6om  sis  to  fourteen 
_g  of  them  might  be  redtoned  in  the  tiiickness  of  an 
I  inch.  Some  of  these  thin  layers  were  dark,  and 
p  contained  coaly  matter;  hut  the  lowest  of  the  in- 
s  tersected  beds  were  calcareous.  The  free  could  not 
5  have  heen  hollow  when  imbedded,  for  the  inferior 
■a  still  preserved  the  woody  texture  in  a  perfect  state, 
the  petrifying  matter  being,  for  the  most  part,  calca- 
reous.* It  is  also  clear,  that  the  lapidifying  matter 
was  not  inti'oduced  laterally  from  the  strata  through 
E  which  the  fossi!  passes,  as  most  of  these  were  not 
•^  calcareous.  It  is  well  known  that,  in  the  Mississippi 
J  J  and  other  great  Amerieati  rivers,  where  thousands  of 
s  tf  trees  float  annually  down  the  sti'eam,  some  sint 
^  I  with  their  roots  downwards,  and  become  fixed  in  the 
■^  -^  mud.  Thus  placed,  they  have  been  compared  to  a 
I  lance  in  rest,  and  so  often  do  they  pierce  through  the 
i  bows  of  vessels  which  run  against  them,  that  they 
I  I"  rendecthenavigationextremelydangereus.  Mr.Hugh 
I  ^g  Miller  mentions  four  other  huge  ti'unts  exposed  in 
■i  S  quarries  near  Edinburgh,  which  lay  diagonally  aci^oss 
_  I     the  strata  at  an  angle  of  about  30°,  with  then-  lower 

I  J     or  heavier  portions  downwards,  the  roots  of  all,  save  one, 

I I  rubbed  off  by  attrilaon.  One  of  these  was  60  and  an- 
I  I  Other70feetinlength,andfrom4to6feetindiameter. 
I  °  The  number  of  years  for  which  the  trunks  of  ti'ees, 
I  I     when  constantly  submerged,  can  resist  decomposition, 

"  is  very  great ;  as  we  might  suppose  from  the  durability 
I  of  wood,  in  artificial  piles,  peimanently  covered  by  wafer. 
I  Hence  these  fossil  snags  may  not  imply  a  rapid  accumu- 
„-        lafion  of  beds  of  sand,  although  the  channel  of  a  river  or 

part  of  a  lagoon  is  often  filled  up  in  a  very  few  yeara. 
s  JV^ova  Scotia. — One  of  the  finest  examples  in  the 

I         world  of  asuccession  of  fo^lforests  of  the  carboniferous 
■a        period,  laid  open  t«  view  in  a  natural  section,  is  that 
seen  in  the  lofty  cliffs  bordering  the  Chignecto  Chan- 
nel, a  branch  of  the  Bay  of  Fundy,  in  Nova  Scotia.f 


*  See  figures  of  texture,  Witham,  Fobs,  Vegef^  pi.  3. 
■j-  See  Ijell's  Travels  b  S.  America,  vol.  ii.  p.  179. 
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In  tie  annexed  section  (%.  3T2),  which  I  examined  in  July,  1842, 
the  beds  from  c  to  t  are  seen  all  dipping  the  same  way,  their  average 
inelinatiMi  being  at  an  angle  of  24'=  8.  8.  W.  The  vertical  height  of  the 
cliffs  is  from  160  to  200  feet;  and  between  d  and  jr,  in  whidi  space  I 
obseiTed  seventeen  trees  in  an  upright  position,  or,  to  speat  more  cor- 
rectly, at  tight  angles  to  the  planes  of  stratiflcation,  I  counted  nineteen 
seams  of  coal,  varying  in  thickness  from  2  inches  to  4  feet.  At  low  tide 
a  fine  horizontal  section  of  the  same  beds  is  exposed  to  view  on  the 
beach.  The  thickness  of  the  beds  alluded  to,  between  d  and  g,  is  about 
2600  feet,  the  erect  trees  consisting  chiefly  of  large  Siffillarice,  occurring 
at  ten  distinct  levels,  one  above  the  other ;  but  Mr.  Logan,  who  aftei'- 
wards  made  a  more  detailed  survey  of  the  same  line  of  clitfs,  found  erect 
trees  at  seventeen  levels,  extending  through  a  vertical  thickness  of  4516 
feet  of  strata ;  and  he  estimated  the  total  thickness  of  the  carboniferous 
formation,  with  and  without  coal,  at  no  less  tlsan  14,570  feet,  everywhere 
devoid  of  marine  organic  remains.*  The  usual  height  of  the  buried 
trees  seen  by  me  was  from  6  to  8  feet ;  but  one  trunk  was  about  25  feet 
high  and  4  feet  in  diametei',  with  a  considerable  bulge  at  the  base.  In 
no  instance  could  I  detect  any  trank  interaecting  a  layer  of  coal,  how- 
ever thin ;  and  most  of  the  trees  terminated  downwards  in  seams  of  coal. 
Some  few  only  were  based  in  clay  and  shale,  none  of  tJiem  in  sandstone. 
The  erect  trees,  therefore,  appeared  tn  general  to  have  grown  on  beds  of 
coal.     In  some  of  the  underclays  I  observed  Stigmaria. 

In  regard  to  the  plants,  they  belonged  to  the  same  genera,  and  most 
of  them  to  the  same  species,  as  those  met  with  in  the  distant  coal-fields 
of  Europe.  In  the  sandstone,  which  filled  their  interiors,  I  fi'cquently 
observed  fern  leaves,  and  sometimes  fragments  of  SUgmaria,  which  had 
evidently  entered  together  with  sediment  after  the  trunk  had  decayed  and 
become  hollow,  and  while  it  was  still  standing  under  water.  This  the  tree, 
a  b,  fig.  SV3,  the  same  which  is  represented  at  a,  fig.  374,  or  in  the  bed  e  in 
the  larger  section,  fig.  372,  is  a  hollow  trunk  5  feet  8  inches  in  length,  tra- 
versing various  strata,  and  cut  off  at  the  top  by  a  layer  of  clay  2  feet  tliick 


FoBsU  tree  at  riglit  anglfa  to  plnno  iif  stratlfioBtic 
Cofllineiisura!,  MoTa,  Scotia. 

*  Quart.  Gool.  Journ.  vol.  iL  p.  177, 
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Fig.  374. 


on  which  testa  j.  seani  of  cc  il  (1/  li^  T4)  1  f  ot  tl  itt  On  this  coal 
^;aiii  Btood  two  Hrge  trpes  (c  and  <f)  iihile  at  i  ijreater  hpiijht  the  trees 
/and  ff  rest  upon  a  thin  seam  of  cotl  (e)  and  ibo^e  them  is  an  under- 
day,  supporting  the  4  foot  coil 

If  we  now  return  to  the  tree  first  mentioned  {fig.  373),  we  find  the 
diameter  {a  b)  14  inches  at  the  top  and  16  inches  at  the  bottom,  the 
length  of  the  tiimk  5  feet  8  mches.  The  strata  in  the  interior  consisted 
of  a  Stories  entirely  different  from  those  on  the  outaide.  The  lowest  of 
the  three  outer  beds  which  it  traversed  consisted  of  purplish  and  blue 
shale  (c,  fig.  373),  2  feet  thick,  above  which  was  sandstone  (d)  1  foot 
thick,  and  above  this  day  (e)  2  feet  8  inches.  But,  in  the  interior,  were 
nine  distinct  layers  of  different  composition  :  at  the  bottom,  first,  shale  i 
inches,  then  sandstone  1  foot,  then  shale  4  inches,  then  sandstone  i  inches, 
then  shale  11  inches,  then  clay  (/)  with  nodules  of  ironstone  2  inches, 
then  pure  clay  2  feet,  then  sandstone  8  inches,  and  lastly,  clay  4  inches. 
Owing  to  the  outward  slope  of  the  face  of  the  cliff,  the  section  (%.  373) 
was  not  exactly  perpendicular  to  tlie  axis  of  the  tree ;  and  hence,  probably, 
the  apparent  sudden  termination  at  the  base  without  a  stump  and  roots. 

In  this  example  the  layers  of  matter  in  the  inside  of  the  tree  are  more 
numerous  than  those  without ;  but  it  is  more  common  in  the  coal- 
measures  of  all  countries  to  find  a  cylinder  of  pure  sandstone, — the  cast 
of  the  interior  of  a  tree,  iirt«Kecldng  a  great  many  alternating  beds  of 
shale  and  sandstone,  which  originally  enveloped  the  trunk  as  it  stood 
erect  in  the  water.  Such  a  want  of  correspondence  in  the  materials 
outside  and  inside,  is  just  what  we  might  expect  if  we  reflect  on  the 
difference  of  lime  at  which  the  deposition  of  sediment  will  take  place  in 
the  two  cases ;  the  imbedding  of  the  tree  having  gone  on  for  many 
years  before  its  decay  had  made  mnch  progress. 

The  high  tides  of  the  Bay  of  Fundy,  rising  more  than  60  feet,  ai'e  so 
destructive  as  to  undermine  and  sweep  away  continually  the  whole  iiice 
of  the  clifls,  and  thus  a  new  crop  of  erect  trees  is  brought  into  view 
every  three  or  four  yeaw.  They  are  known  to  extend  over  a  space  be- 
tween two  and  three  miles  fi'om  north  to  south,  and  more  than  twice 
that  distance  from  east  to  west,  being  seen  in  the  banks  of  streams  inter- 
secting the  coal-field. 
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In  Cape  Breton,  Mr.  Eichard  Brown  has  observed  in  the  Sydney  coal- 
field a  total  thickness  of  coal-measures,  witliout  including  the  underlying 
millstone  grit,  of  1843  feet,  dipping  at  an  angle  of  8°.  He  has  pub- 
lished minute  details  of  the  whole  series,  showing  at  how  maay  diffei'ent 
levels  erect  trees  occur,  consisting  of  SiffUlarut,  Zepi^odendron,  Cala- 
ffwte,  and  othei'  genera.  In  one  place  eight  erect  trunks,  with  roots  and 
I'ootlets  attached  to  them,  were  seen  at  the  same  levei,  within  a  horizon- 
tal space  80  feet  in  length..  Beds  of  coal  of  various  thickness  aie  inter- 
stratified.  Some  of  the  associated  strata  are  ripple-marked,  with  impres- 
sions of  rain^drops.  Taking  into  account  forty-one  clays  filled  with,  roots 
of  Stigwaria  in  their  natural  position,  and  eighteen  layers  of  upright 
trees  at  other  levels,  there  is,  on  the  whole,  clear  evidence  of  at  least 
fifty-nine  iossA  forests,  ranged  one  above  the  other,  in  this  coal-field,  in 
the  shove-mentioned  thickness  of  strata.* 

The  fossil  shells  in  Gape  Breton  and  in  the  Nova  Scotia  section  (fig. 
372),  consisting  of  CyprU,  Unio  {?),  Modiola,  Mieroetmckus  carbonarius 
(see  fig.  3T5),  and  S^rorbis,  seem  to  indicate  braclcish  water ;  but  we 
ought  never  to  be  surprised  if,  in  pursuing  the  same  stratum,  we  come  to 
a  fresh  or  purely  marine  deposit ;  for  this  will  depend  upon  our  taking  a 
direction  higher  up  or  lowei'  down  the  ancient  river  or  delta  deposit, 
"When  the  Purbeck  beds  of  the  Wealden  were  d^cribed  in  Chap.  XVIII., 
I  endeavored  to  explain  the  intimato  connection  of  strata  formed  at  a 
river's  mouth,  or  in  tiie  tranquil  lagoons  of  the  delta,  or  in  the  sea,  ailer 
a  slight  submergence  of  the  land,  witii  its  dirt-beds. 

In  the  English  coal-fields  the  same  association  of  fresh,  or  rather  brack- 
ish water  with  marine  strata,  in  close  connection  with  beds  of  coal  of 
terrestrial  origin,  has  been  freqitentiy  recognized.  Thiis,  for  example,  a 
deposit  near  Shrewsbury,  pwbably  formed  in  brackish  water,  has  been 
described  by  Sir  E.  Murchison  as  the  youngest  member  of  the  carbonif- 
erous series  of  that  district,  at  the  point  where  the  coal-measures  are  in 
contact  with  the  Permian  or  "  Lower  New  Ked."  It  consists  of  shales 
and  sandstones  about  150  feet  thick,  with  coal  and  traces  of  plants  ;  in- 
eluding  a  bed  of  limestone,  vai-ying  fi'om  3  to  9  feet  in  thickness,  whidi 
is  cellular,  and  resembles  some  lacustrine  limestones  of  France  and  Ger- 
many. It  has  been  ti'aced  for  30  miles  in  a  straight  line,  and  can  be 
recognized  at  still  more  distant  points.  The  characteristic  fossils  are  a 
small  bivalve,  havmg  the  form  of  a  Oycla^,  a  small  Ci/pris  (fig.  376), 
and  the  microscopic  shell  of  an  annelid  of  an  extinct  genus  called  Mi- 
chrocondvas  (fig.  S75},  allied  to  Serpula  or  Spirm-bk. 

In  the  lower  coal-measures  of  Coalbrook  Dale,  the  strata,  according 
to  Mr.  Prestwich,  often  change  completely  within  very  short  distances, 
beds  of  sandstone  passing  houzontaily  into  elay,  and  clay  into  sandstone. 
The  coal-seams  often  wedge  out  or  disappear ;  and  sections,  at  places 
nearly  contiguous,  present  maiked  htholr  gica!  distinctions.  In  this  sin- 
gle field,  in  which  the  strati  <up  fiom  VOO  to  800  feet  thick,  between 

*  Genl,  Quart.  Tnum  vol  »  p  3<>3    and  vol  vi.  jj.  115, 
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forty  and  fifty  species  of  terrestrial  plants  have  been  discovered,  besides 
several  fiehea  and  trilobites  of  forms  distinct  from  those  occurring  in  the 
Silurian  strata.  Also  upivaids  of  forty  species  of  niollusca,  among  which 
are  two  or  three  referi'ed  to  the  freshwater  genus  Unio,  and  others  of 
marine  forms,  such  as  ^aatilna,  Ortkoceras,  Sptrifer,  and  Produftus. 
Mr.  Prestwich  suggests  that  the  intermixture  of  beds  contmning  fresh- 
water shells  with  others  full  of  marine  remains,  and  the  alternation  of 
coarse  sandstone  and  conglomerate  with  beds  of  fine  clay  or  shale  con- 
taining the  remmns  of  plants,  may  he  explained  by  supposing  the  de- 
poat  of  Coalbmok  Dale  to  have  originated  in  a  hay  of  the  sea  or  estuary 
into  which  flowed  a  considerable  river  subject  to  occasional  freshes.f 

In  tJie  Edinburgh  coal  field  it  f  ird  ehouse  fissd  fishes  moUusca,  and 
eypris,  very  similar  to  those  m  Shrrpshne  and  Staftordshire  have  boen 
found  by  Dr.  Hibbert.];  In  the  coil  field  ■dso  of  "i  orlpjhire  there  are 
freshwater  strata,  some  of  which  contam  shells  refened  to  the  genus 
Unw  ;  but  in  the  midst  of  the  series  theie  i^  one  thm  but  very  widely 
spread  stratum,  abounding  in  fishei  and  m<inne  'ihells  ii  h  as  Ammo- 
nites  Idsteri  (fig.  3'7'7),  0  tkocaa      nd    I)  tuli  paij      c     Colli  (fig. 


A^msumUei  Listst-i, 


Ko  similarly  intercalated  layer  of  minne  shells  his  bpen  noticed  in 
the  neighboring  coal-field  of  Newcustle,  where,  is  m  ^oi  th  W  ilci  md 


Murcliiaoii,  SUiirian  System, 
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Someraotahire,  tte  marine  deposits  are  entirely  below  tliose  containing 
terrestrial  and  freshwater  remains.* 

Clai/-iron-glorw.-~Bttn.diS  and  nodules  of  clay-iron-stone  are  common 
in  coal-measures,  and  are  formed,  says  Sir  H.  JDe  la  Beche,  of  carbonate 
of  iron,  mingled  mechanically  witli  earthy  matter,  lile  fliat  constituting 
the  shales.  Mr.  Hunt,  of  the  Museum  of  Practical  Geology,  instituted 
a  series  of  experiments  to  illusti'ate  the  production  of  this  substance,  arrd 
found  that  decomposing  vegetable  matter,  such  as  would  be  distributed 
through  all  coal  strata,  prevented  the  farther  oxidation  of  the  proto-salfs 
of  iron,  and  conveited  the  peroxide  into  protoxide  by  taking  a  portion 
of  its  oxygen  to  form  carbonic  acid.  Such  carbonic  acid,  meeting  with 
the  protoxide  of  iron  in  solution,  would  unite  with  it  and  form  a  car- 
bonate of  iron ;  and  this  minghng  with  fine  mud,  when  the  excess  of 
cai-bonic  acid  was  removed,  might  form  beds  or  nodules  of  argillaeeous 
iron-stone.f 


CHAPTER  XXV. 

G  ROUP — con  tiwu  ed. 


Coal-fields  of  the  United  States— Section  of  the  country  betweeu  the  Atlantic 
aud  Mississippi — Position  of  land  in  the  carboniferous  period  eastward  of  the 
AlleghaDJes— Mechanically  formed  toots  thinning  out  westward,  and  limeetones 
thickening— Uniting  of  many  coal^aesms  into  one  thick  one— Horiaootal  coal  at 
Brownavilla,  Pennsylvania- Vast  extent  and  continuity  of  single  seams  of  coa,l 
—Ancient  river-channel  in  Forest  of  Dean  coal-field- Absence  of  earthy  matter 

in    coal — Ciiniata  of   carboniferous  period — Insects  in  coal RMity  of  alr- 

breathmg  animals— Great  number  of  frasil  fish— First  discovarj  of  the  ekale- 
tone  of  fosHl  leptilee— Footprints  of  reptilians- Mountain  limestone— -Its  corals 
and  marine  shalls. 

It  was  stated  in  the  last  chapter  that  a  great  unifonnity  prevails  in 
the  fo^il  plants  of  the  coal-measures  of  Europe  and  North  America  ; 
and  I  may  add  that  four-fifths  of  those  collected  in  Nova  Scotia  have 
been  identified  witJti  European  si>ecies.  Hence  tlie  former  existence  at 
the  remote  period  under  consideration  {the  cai'boniferous)  of  a  continent 
or  chain  of  islands  where  the  Atiantic  now  rolls  its  waves  seems  a  fair 
inference.  Nor  are  there  wanting  other  and  independent  proofe  of  such 
an  ancient  land  situated  to  the  eastward  of  the  present  Atiantic  coast  of 
North  America ;  for  the  geologist  deduces  the  same  conclusion  from  the 
mineral  composition  of  the  carboniferous  and  some  older  groups  of  rocks 
as  they  are  developed  on  the  eastern  flanks  of  the  Alleghanies,  contrasted 
with  their  character  in  the  low  country  to  the  westward  of  those  moun- 

The  annexed  diagram  (fig.  S79)  will  assist  the  reader  in  undei^ 

*  Phillips ;  art.  "  Geology,"  Encyc  Metrop.  p.  582, 
f  Memoirs  of  Geol.  SuiTey,  pp.  6],  255,  Ac 
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standing  the  phenomena  now  alhided  to,  although  I  must  guard  hun 
against  supposing  that  it  is  a  tiue  section  A  gieat  number  ol  details 
have  of  necessity  been  omitted,  and  the  scale  of  heighf  and  hon/..]ital 
distances  are  unavoidably  iaisihed 

Starting  from  the  shoi'es  cf  the  Atlantic,  on  the  eastern  side  ot  the 
Continent,  wo  first  come  to  a  low  region  (a  b),  which  was  cnllwl  the 
alluvial  plain  by  the  fii^st  geographers.  It  is  occupied  hy  tertiary  and 
cretaceous  strata,  before  desciibed  (pp.  ITl,  206,  and  224),  which  are 
nearly  horizontal.  The  next  belt,  from  b  to  c,  consists  of  gTanitic  rocks 
(hypogene),  chiefly  gneiss  and  miea-aehist,  covered  oec^onally  with 
unconformable  red  sandstone,  No.  4  (New  Red  or  Trias  ?),  remarkable 
for  its  omithielmites  (see  p.  287).  Sometimes,  also,  this  sandstone  rests 
on  the  edges  of  the  disturbed  paleozoic  rocks  (as  seen  in  the  section). 
The  region  (b  c),  sometimes  called  the  "Atlantic  Slope,"  eon'eaponds 
nearly  in  average  width  with  the  low  and  flat  pJain  (a  b),  and  is  charac- 
terized hy  hills  of  moderate  height,  contrasting  strongly,  in  their  raunded 
shape  and  altitude,  with  the  long,  steep,  and  lofty  paKiUel  ridges  of  the 
Alleghany  mountains.  The  out-crop  of  the  strata  in  these  ridges,  like 
the  two  belts  of  hypogene  and  newer  rocks  (a  b,  and  b  c),  above  alluded 
to,  when  laid  down  on  a  geological  map,  esdiibit  long  stripes  of  different 
colors,  running  in  a  N.  K  and  S.  W.  direction,  in  the  same  way  as  tlie 
lias,  chalk,  and  other  secondary  formations  in  the  middle  and  eastern 
half  of  England. 

The  nari'ow  and  parallel  zones  of  the  Appalachians  here  mentioned, 

n  ist  f  strata,  folded  into  a  succession  of  convex  and  concave  flexures, 
ub    I    ntly  laid  open  by  denudation.     The  component  rodts  are  of 

eat  th   kness,  all  referable  to  the  Silmian,  Devonian,  and  Cai'boniferoiis 
f  rmat    is.     There  is  no  principal  or  central  axis,  as  in 
nany    ther  chains — no  nucleus  to  which  all  the  minor  ridges  ci 
but  th     bain  consists  of  many  neai'ly  equal  and  parallel  foldings,  having 

h  t  IS  t  rmed  an  anticlinal  and  synclinal  aii'angement  (see  above,  p.  48). 
TI  tern  of  hUIs  exf«ndis,  geologically  considered,  from  Vermont  to 

Alabama,  bemg  more  than  1000  miles  long,  from  50  to  150  miles  broad, 
aud  varying  in  height  from  2000  to  6000  feet.  Sometimes  the  whole 
assemblage  of  ridges  runs  perfectly  sti'aight  for  a  distance  of  more  than 
50  miles,  after  which  all  of  them  wheel  round  together,  and  take  a  new 
direction,  at  an  angle  of  20  or  30  degi-ees  to  the  first. 

We  are  indebted  to  the  state  surveyore  of  Virginia  and  Pennsylvania, 
Prof.  "W.  B.  Eogera  and  his  brother  Prof.  H.  D.  Rogers,  for  the  import- 
ant discovery  of  a  clue  to  the  general  law  of  structure  prevdling  through- 
out this  rang-e  of  mountains,  which,  however  simple  it  may  appear  when 
once  made  out  and  clearly  explained,  might  long  have  been  orerJooked, 
amidst  so  great  a  mass  of  comphcated  details.  It  appears  that  the  bend- 
ing and  fi'acture  of  the  beds  is  greatest  on  the  southeastern  or  Atlantic 
side  of  the  chain,  and  the  strata  become  less  and  less  disturbed  as  we  go 
westward,  until  at  length  they  regain  their  original  or  horizontal  posi- 
tion.    By  I'eference  to  the  section  (fig.  379),  it  will  be  seen  that  on  the 
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eastern  side,  oi  in  the  ridges  and  trouglis  nearest  the  Atlantic,  south- 
eastern dips  predominate,  in  consequence  of  tte  T>eds  having  been  folded 
bact  upon  themselyes,  as  in  i,  those  on  the  northwestern  side  of  each  areh 
having  been  inverted.  The  next  set  of  aidies  (such  as  k)  are  more  open, 
each  having  its  western  side  steepest ;  the  next  (^  opens  out  still  more 
widely,  the  next  (m)  still  more,  and  this  continues  until  we  anive  at  the 
low  and  level  part  of  the  Appalacliian  coal-field  (d  e). 

In  nature  or  in  a  trae  section,  the  number  of  bondings  or  parallel 
folds  is  so  much  greater  that  tiey  could  not  be  expressed  in  a  diagi'am 
without  contusion.  It  is  also  clear  that  large  quantities  of  rock  have 
been  removed  by  aqueous  action  or  denudation,  as  wiU  appear  if  we 
attempt  to  complete  all  the  cm'ves  in  the  manner  indicated  by  the  dotted 
lines  at  i  and  k. 

The  movements  which  imparted  so  uniform  an  order  of  arrangement 
to  this  vast  system  of  rocls  must  have  been,  if  not  contemporaneous,  at 
least  parts  of  one  and  the  same  series,  depending  on  some  common  cause. 
Their  geological  date  is  well  defined,  at  least  within  certain  limits,  for 
they  must  have  taken  place  after  fie  deposition  of  the  carboniferous 
strata  (No.  5),  and  before  the  formation  of  the  red  sandstone  (No.  4). 
The  gi'eatest  distui'bing  and  denuding  forces  have  evidently  been  ex- 
ertefl  on  the  southeastern  side  of  the  chain  ;  and  it  is  here  that  igneous 
or  plutonic  rocks  are  observed  to  have  invaded  the  strata,  forming  dykes, 
some  of  which  run  for  miles  in  lines  parallel  to  the  main  direction  of  the 
Appalachians,  or  N.N.E,  and  S.  S.W. 

The  thickness  of  the  carboniferous  rocks  in  the  region  o  is  very  great, 
and  diminishes  rapidly  as  we  proceed  to  the  westward.  The  surveys  of 
Pennsylvania  and  Vir^nia  sliow  that  the  southeast  was  the  quarter 
whence  the  coaraer  materials  of  these  strata  were  derived,  so  iliat  the  an- 
cient land  lay  in  that  direction.  ITie  conglomerate  which  forms  the  gen- 
eral base  of  the  coal-motBurea  is  1500  feet  thict  in  the  Sharp  Mountain, 
where  I  saw  it  (at  c)  near  Pottsville  ;  whereas  it  has  only  a  thickness  of 
600  feet  about  thirty  miles  to  the  northwest,  and  dwindles  gradually 
away  when  followed  still  farther  in  the  same  direction,  till  its  thickneas 
is  reduced  to  30  feet.*  The  limestones,  on  the  other  hand,  of  the  coal- 
measures,  augment  as  we  trace  them  westward.  Similar  observations 
have  been  made  in  r^;ard  to  the  Silurian  and  Devonian  formations  in 
New  York ;  the  sandstones  and  all  tlie  mechanically-formed  rocks  ibin- 
ning  out  as  they  go  westward,  and  the  limestones  thickening,  as  it  were, 
at  their  expense.  It  is,  therefore,  clear  that  the  ancient  land  was  to  the 
east,  where  the  Atlantic  now  is  ;  the  deep  sea,  with  its  bants  of  coral 
and  shells  to  the  west,  or  where  the  hydrograpbical  basin  of  the  Missis- 
sippi is  now  situated. 

In  that  r^on,  near  Pottsville,  where  the  thickness  of  the  coal-meas- 
ures is  greatest,  there  are  thirteen  seams  of  anthracite  coal,  several  of 
them  more  than  2  yards  thick.     Some  of  the  lowest  of  these  alternate 

«  H.  D.  Rogers,  Trans.  Assoc.  Anier,  Geol.  1840-42,  p.  440. 
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with  beds  of  white  giit  and  coEglomera,te  of  coaiser  grain  than  I  ever 
saw  elsewhere,  associated  with  pure  coal.  ITie  pebbles  of  quartz  are 
often  of  the  size  of  a  hen's  e^.  On  following  these  pudding-stones  and 
grits  for  several  miles  from  PottaviJle,  by  Tamaqua,  to  the  Lehigh  Sum- 
mit Mine,  in  company  with  Mr.  H.  D.  Rogers,  in  1841,  he  pointed  out 
to  me  tbat  tie  eoaiBe-grained  strata  and  their  accompanying  shales 
gi'adnally  thin  out,  until  seven  seams  of  coal,  at  first  widely  separated, 
are  brought  nearer  and  nearer  together,  until  they  successively  unite  ;  so 
that  at  last  ihey  form  one  mass,  between  40  and  50  feet  thick.  I  saw 
this  enoiTOous  bed  of  anthracite  coal  quarried  in  the  open  air  at  Mauch 
Chunk  (or  the  Bear  Mountain),  the  overlying  sandstone,  40  feet  tliick, 
having  been  removed  bodily  from  the  top  of  the  hill,  which,  to  u 
miner's  expression,  had  been  "  scalped."  The  accumulation  of  vi  _ 
matter  now  constituting  this  vast  bed  of  anthracite,  may  perhaps,  1 
it  was  condensed  by  pressure  and  the  discharge  of  its  hydrogen,  oxygen, 
and  other  volatile  ingredients,  have  been  between  200  and  300  feet 
thick.  The  origin  of  sucli  a  vast  thickness  of  vegetable  remains,  so  un- 
mixed witi  earfby  ingredients,  can,  I  think,  be  accounted  for  in  no  other 
way,  than  by  ilie  growth,  during  thousands  of  years,  of  trees  and  ferns, 
in  the  manner  of  peat, — a  theory  which  the  presence  of  the  Stigroaria 
in  sittt  under  each  of  the  seven  layei's  of  antliradte,  fully  bears  out. 
The  rival  hypothesis,  of  the  diiliting  of  plants  into  a  sea  or  estuary,  leaves 
tlie  absence  of  sediment,  or,  in  this  ease,  of  sand  and  pebbles,  wholly  un- 
explained. 

But  the  student  will  naturally  ask,  what  can  have  caused  so  many 
seams  of  coal,  after  they  had  been  pei'sistent  for  miles,  to  come  together 
and  blend  into  one  single  seam,  and  tiat  one  equal  in  the  aggiegate, 
to  the  thickness  of  the  several  separate  seams  ?  Often  had  the  same 
question  been  put  by  English  miners  before  a  satisfactory  answer  was 
^ven  to  it  by  the  late  Mr.  Bowman.  The  following  is  his  solution  of 
the  problem.     Lttaa',  fig.  380,  he  a  mass  of  vegetable  matter,  capable, 


when  condensed,  of  forming  a  8-foot  seam  of  coal.  It  rests  on  the 
underclay  h  b',  filled  with  i-oota  of  trees  in  situ,  and  it  supports  a  gi'ow- 
ing  forest  {c  n).  Suppose  that  part  of  the  same  forest  »  b  had  become 
submerged  by  the  ground  sinking  down  25  feet,  so  that  the  trees  have 
been  partly  thrown  down  and  partly  remain  erect  in  water,  slowly  de- 
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cajing,  tlieir  stumps  and  the  lower  parts  of  their  trunks  being  enveloped 
in  layers  of  sand  and  mud,  which  are  gi'adually  filling  up  tJie  lake  d  f. 
When  thia  lake  or  lagoon  has  at  length  been  entirely  silted  up  and 
converted  into  land,  say,  in  the  course  of  a  century,  the  forest  o  b  will 
extend  once  more  continuously  over  the  whole  area  c  f,  as  in  fig.  381, 
and  another  mass  of  v^etahle  matter  (ffff'},  forming  3  feet  more  of 
coal,  may  accumulate  from  c  to  f.  We  then  find  in  the  region  F,  two 
seams  of  coal  (a'  and  g')  each  3  feet  thick,  and  separated  hy  25  feet  of 
sandstone  and  shale,  with  erect  trees  based  upon  fhs  lower  coal,  while, 
between  n  and  o,  we  find  these  two  seams  united  into  a  2-yani  eoal. 
.It  may  be  objected  that  the  uninterrupted  growth  of  plants  during  the 
interval  of  a  century  will  have  caused  tlie  vegetable  matter  in  the  re- 
gion c  o  to  be  thicker  flian  the  two  distinct  seams  a'  and  ff'  at  f  ;  and 
no  doubt  there  would  actually  be  a  slight  excess  representing  one  gener- 
ation of  trees  with  the  remains  of  other  plants,  forming  half  an  inch  or 
an  inch  of  coal;  but  this  would  not  prevent  the  miner  from  ;  ~ 
that  the  seam  a  g,  throughout  tlie  area  o  n,  was  equal  to  the  two  s 
a'  and  g'  at  f. 

The  reader  has  seen,  by  reference  to  the  section  (fig.  379,  p.  32V), 
that  the  strata  of  the  Appalachian  coal-field  assume  a  hoiizontal  posi- 
tion west  of  the  motintains.  In  that  less  elevated  countiy,  the  coal- 
measures  ai'e  intersected  hy  three  great  navigable  rivers,  and  are  capable 
of  supplying  for  ages,  to  the  inhabitants  of  a  densely  peopled  region,  an 
inexhaustible  supply  of  fuel.  These  rivers  are  the  Monongahela,  the 
All^hany,  and  the  Ohio,  all  of  which  lay  open  on  tlieir  bante  tlie  level 
seams  of  coal.  Looking  down  the  first  of  these  at  Bi'ownsville  h 
a  fine  view  of  the  main  seam  of  bituminous  coal  10  feet  thick,  comm  ly 
called  the  Pittsburg  seam,  breaking  out  in  the  steep  cliff  at  the  wat 
edge ;  and  I  made  the  accompanying  sketch  of  its  appearance  fr  m  t! 
bridge  over  tbe  river  (see  fig.  382).  Here  the  coal,  10  feet  th  k  is 
covered  by  carbonaceous  shale  (6),  and  this  again  by  micaceou  s  1 
stone  (e).  Horizontal  galleries  may  be  driven  everywhere  at  v  y  1  ght 
expense,  and  so  worked  as  to  drain  themselves,  while  the  c  rs  lad  n 
with  eoal  and  attached  to  each  othei',  glide  down  on  a  railway  o  a  to 
deliver  their  burden  info  barges  moored  to  the  river's  bank.  The  same 
seam  is  seen  at  a  distance,  on  the  right  hank  (at  a),  and  may  be  fol- 
lowed the  whole  way  to  Pittsburg,  fifty  miles  distant  As  it  is  neariy 
horizontal,  while  the  river  descends  it  crops  out  at  a  continually  increas- 
ing, but  never  at  an  inconvenient,  height  above  the  Monongahela.  Be- 
low the  gi'eat  bed  of  coal  at  Brownsville  is  a  fire-clay  18  inclies  thick, 
and  below  this,  several  beds  of  limestone,  below  which  again  are  other 
coal  seams.  I  have  also  shown  in  my  sketch  another  layer  of  workable 
coa]  (at  dd),  which  breaks  out  on  the  slope  of  the  hills  at  a  greater 
height.  Here  almost  eveiy  proprietor  can  open  a  coal-pit  on  his  own 
land,  and  the  stratification  being  very  regular,  he  may  calculate  with 
precision  the  depth  at  which  coal  may  l>e  won. 

The  Appalachian  coal-field,  of  which  these  strata  form  a  part  (from  c 
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to  E,sintijii  fi„  a'')  p  "27)  IS  remarkable  for  its  vast  irea,  for  at. 
cording  to  Piofassor  H  D  Rogers,  it  stretfihes  tontinuously  fiom  S  E 
to  S  W,  for  a  distance  of  120  mites  its  greatest  widtli  being  about  180 
miles.     On  a  moderate  estimite  its  t.upc)fi  nl  6  ei  amounta  to  €3  000 


square  miles. 

This  coal  formation,  before  its  oiiginal  limifs  \i 


3  reduced  by  denii 
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datioi),  must  have  measured  900  miles  in  lengtli,  and  in  some  places 
more  than  200  miles  in  bi'eadth.  By  again  referring  to  the  section  (fig. 
379,  p.  821),  it  will  be  seen  that  the  strata  of  coal  are  horizontal  fo  the 
ivestward  of  the  mountains  in  the  region  d  b,  and  become  more  aad 
more  inclined  and  folded  as  we  proceed  eastwaid,  Now  it  is  invariably 
found,  as  Professor  H.  D.  Rogers  has  shown  by  chemical  analysis,  tliat 
the  coal  is  most  bituminous  towards  its  western  limit,  where  it  remains 
level  and  unbroken,  and  that  it  becomes  progressively  debituminized  as 
we  travel  soutLeastwaid  towards  the  more  bent  and  distorted  rocks. 
Thus,  on  the  Ohio,  the  proportion  of  hydrogen,  oxygen,  and  other  vola- 
tile matteiB,  ranges  from  forty  to  fifty  per  cent.  Eastward  of  this  line, 
on  the  Monongtdieia,  it  still  approaches  forty  per  cent,  where  the  strata 
begin  to  experience  some  gentle  flexures.  On  entering  fie  Alleghany 
.  Mountains,  where  the  distinct  anticlinal  axes  begin  to  show  themselves, 
but  before  the  dislocations  are  considerable,  the  volatile  matter  is  gene- 
rally in  the  proportion  of  eighhien  or  twenty  per  cent.  At  length,  when 
we  arrive  at  some  insulated  eoal-lields  (5',  fig.  8'?9)  assodaffld  with  the 
boldest  flexures  of  the  Appalachian  chain,  where  the  strata  have  been 
actually  turned  over,  as  near  PotlsviOe,  we  find  the  coal  to  contain  only 
from  six  to  twelve  per  cent,  of  bitumen,  thus  becoming  a  geni\ine  an- 
thracite.* 

Ifc  appears  from  the  researches  of  Liebig  and  other  eminent  chemists, 
that  when  wood  and  vegetable  matter  are  buried  in  the  earth,  exposed 
to  moisture,  and  partially  or  entirely  excluded  from  the  air,  they  decom- 
pose slowly  and  evolve  carbonic  acid  gas,  thus  parting  with  a  poition  of 
their  original  oiygen.  By  this  means,  they  become  gradually  eonvertwl 
into  lignite  or  wood-cod,  which  contains  a  larger  proportion  of  hydrogen 
than  wood  does.  A  continuance  of  decomposition  changes  this  lignite 
into  common  or  bituminous  coal,  chiefly  by  the  discharge  of  caiburetted 
hydrogen,  or  the  ga&  by  whidi  we  illuminate  our  streets  and  houses. 
According  to  Bischoff,  the  inflammable  gases  which  are  always  escaping 
fix>m  mineral  coal,  and  ai'e  so  often  the  cause  of  fatal  accidents  in  mines, 
always  eontain  carbonic  acid,  carburetted  hydrogen,  nitrt^n,  and  olifiant 
gas.  The  diseng^ement  of  all  tliese  gradually  transforms  ordinary  or 
bituminous  coal  into  anthracite,  to  which  the  various  names  of  splint- 
coal,  glance-coal,  culm,  and  many  otiiers,  have  been  given. 

We  have  seen  that,  in  the  Appalachian  coal-field,  there  is  an  intimate 
connection  between  the  extent  to  which  tlie  coal  has  parted  with  its  gas- 
eous contents,  and  the  amount  of  disturbance  which  the  strata  have 
undergone.  The  coincidence  of  these  phenomena  may  be  attributed 
partly  to  the  greater  iiicility  afforded  for  tiie  escape  of  volatile  matter, 
where  the  nacturing  of  the  rocks  had  produced  an  infinite  number  of 
cracks  and  crevices,  and  also  to  tiie  heat  of  the  gases  and  water  pene- 
trating  these  cracks,  when  lie  gi'eat  movements  took  place,  which  have 
rent  and  folded  the  Appalachian  strata.     It  is  well  known  tiiat,  at  the 

*  Trans,  of  Asa.  of  Amer.  Geol.  p.  410, 
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present  pericwl,  thermal  waters  and  hot  vapora  burst  out  from  the  earth 
diuing  earthquakes,  and  these  would  not  fail  to  promote  tlie  disengage- 
ment of  volatile  matter  from  the  carboniferous  rocks. 

Continuity  of  seams  of  coal. — As  single  seams  of  coal  are  continuous 
over  very  wide  areas,  it  has  been  asked,  how  forests  could  have  prevailed 
unintei'ruptedjy  over  such  wide  spaces,  without  being  oftener  flooded  by 
turbid  river's,  or,  when  submerged,  denuded  by  marine  currents.  It 
appears,  from  the  description  of  the  Cape  Breton  coai-fieid,  by  Mr. 
Richard  Brown,  that  false  stvaUfication  is  common  in  tJie  beds  of  sand, 
and  some  partial  denudation  of  these,  at  least,  must  often  have  taken 
place  during  the  accumulation  of  the  carboniferous  series. 

In  the  Forest  of  Dean,  ancient  river-channels  are  found,  which  pass 
through  beds  of  coal,  and  in  which  rounded  pebbles  of  coal  occur. 
They  are  of  older  date  than  the  overlying  and  undisturbed  coal- 
measures.  The  late  Mr.  Buddie,  who  described  them  to  me,  told  me 
be  had  seen  similar  phenomena  in  the  Newcastle  coal-field.  Never- 
theless, instances  of  these  channels  are  much  more  rare  than  we  might 
have  anticipated,  espedally  when  we  remember  how  often  the  roots 
of  trees  (Sliffmarice)  have  been  torn  up  and  drifted  in  broken  frag- 
ments into  the  grits  and  sandstones.  The  prevalence  of  a  down- 
ward movement  is,  no  doubt,  the  principal  cause  which  has  saved 
so  many  extensive  seams  of  coal  fi'om  destraction  by  fluviattle 
action. 

The  purity  of  the  coal,  or  ifa  non-intermixtuie  with  earthy  matter, 
presents  another  theoretical  difficulty  to  many  geologists,  who  are  in- 
clined to  believe  that  the  trees  and  smaller  plants  of  the  carboniferona 
period  grew  in  extensive  swamps,  rather  than  on  land  not  liable  to  be 
inundated.  It  appears,  however,  that  in  the  alluvial  plain  and  delta 
of  the  Mississippi,  extensive  "  cypress  swamps,"  as  they  are  called,  densely 
covered  with  various  trees,  occur,  into  which  no  matter  held  in  meohan- 
ical  suspension  is  ever  introduced  during  the  greatest  inundations,  inas- 
much as  they  are  all  surrounded  by  a  dense  marginal  belt  of  reeds,  canes, 
and  brushwood.  Through  this  thick  barrier  the  river-water  must  pass, 
so  that  it  is  invariably  well  filtered  before  it  can  reach  the  interior  of  the 
forest-covered  area,  within  which  vegetable  matter  is  continually  accu- 
mulating from  the  decay  of  trees  and  semi-aquatic  plants.  In  proof  of 
this,  I  may  observe,  that  whenever  any  part  of  a  swamp  is  dried  up, 
during  an  unusually  hot  season,  and  the  wood  set  on  fire,  pits  are  burnt 
into  the  ground  many  feet  deep,  or  as  far  down  as  the  (ire  can  descend 
without  meeting  with  water,  and  it  is  then  found  that  scarcely  any 
residuum  or  earthy  matter  is  left.*  At  the  bottom  of  these  "  cjrpress 
swamps"  of  the  Mississippi,  a  bed  of  clay  is  found,  with  roots  of  the  tali 
cypress  (Taxodiitm  distickum),  jtist  as  the  underclays  of  the  coal  are 
filled  with  Stigmaria. 

*  Ljell's  SecoDd  Visit  to  the  TJ.  S.  vol.  ii.  p.  245.    Amerlcau  Jouru.  of  Sci. 
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Climate  of  Coal  Period. — So  long  as  the  botanist  tauglit  that  a  trop- 
ical climate  waa  implied  by  the  cai'toniferous  flora,  geologiats  might  well 
be  at  a  loss  to  reconcile  the  preservation  of  so  much  vegetable  matter 
with  a  high  temperature  ;  for  lieat  hastens  the  decomposition  of  fallen 
leaves  and  trunks  of  trees,  whether  in  the  atmosphere  or  in  water.*  It 
is  well  known  that  peat,  so  abundant  in'  the  bogs  of  high  latitudes, 
ceases  to  giow  in  the  swajnps  of  warmer  regions.  It  seems,  however,  to 
have  become  a  more  and  more  received  opinion,  that  the  coal-plants  do 
not,  on  tiie  whole,  indicate  a  climate  resembling  that  now  enjoyed  by 
the  equatorial  zone.  Tree-ferns  range  as  far  south  as  the  southern  part 
of  New  Zealand,  and  Araucarian  pines  occur  in  Norfolk  Island.  A 
great  predominance  of  ferns  and  lycopodiuma  indicates  waimtl,  moist- 
ure, equability  of  temperature,  and  freedom  from  frost,  rather  than  in- 
tense teat ;  and  we  know  too  little  of  the  aigillarite,  calamites,  aslero- 
pliyllites,  and  otker  peculiar  forms  of  the  carboniferous  peiiod,  to  be 
able  to  speculate  with  confidence  on  tie  kind  of  climate  they  may  have 
required. 

No  doubt,  we  ai*  entitled  to  presume,  fi^m  the  corals  and  cephalopo- 
da of  the  mountain  limestone,  that  a  warm  temperature  charaeteriaed 
the  noiljiern  seas  in  the  carboniferous  era ;  but  the  absence  of  cold 
may  have  given  rise  (as  at  present  in  the  seas  of  the  Bermudas,  under 
the  influence  of  the  gulf  stream)  to  a  very  wide  geographical  range  of 
stone-building  corals  and  sheli-beaiing  cuttle-fish,  without  its  being 
necessaiy  k>  call  in  the  aid  of  tropical  heat.f 


CARBOUtFEROUS   r 

Where  we  have  evidence  in  a  single  coal-field,  as  in  that  of  Nova 
Scotia,  or  South  Wales,  of  fifty  or  even  a  hundred  ancient  forests  buried, 
one  above  the  otlier,  with  the  roots  of  trees  still  in  their  original  posi- 
tion, and  with  some  of  the  trunks  still  remaining  ei'ect,  we  are  apt  to 
wondei'  that  until  the  year  18i4  no  remains  of  contemporaneous  air- 
bi'eathing  creatures,  except  a  few  insects,  had  been  discovered.  No  ver- 
tebrated  animals  more  highly  organized  than  fish,  no  mammalia  or  biiiis, 
no  aaurians,  frogs,  tortoises,  or  snakes,  were  yet  known  in  rocks  of  such 
high  antiquity.  In  tiie  coal-field  of  Coalbrook  Dale  mention  had  been 
made  of  two  spedes  of  beetles  of  the  family  Cwvulionidw,  and  of  a 
neuropterouB  insect  resembling  the  genus  Corydalis,  with  another  related 
to  the  I'hasmidie.'l  In  othei'  coal-measures  in  Europe  we  find  notice  of 
a  scorpion  and  of  a  moth  allied  to  Tinea,  also  of  one  air-breatJiing  crus- 
tacean, or  land-crab.  Yet  Agassiz  had  already  described  in  his  great 
work  on  fossil  fishes  more  than  one  hundi-ed  and  fifty  species  of  ichthy- 
olites  from  the  coal  sti'ata,  ninety-four  belonging  to  the  families  of  shark 
ard  ray,  and  fifty-eight  to  the  class  of  ganoids.  Some  of  these  fisli  are 
very  remote  in  their  organization  from  any  now  living,  especially  those 

»  PrinclplBS  of  Geol.  p.  606. 

I  For  changes  in  climate,  see  Prineiples  of  Geol.  cliaps.  viL  and  viii. 

X  Geol.  Trans.  2d  series,  vol.  vi.  p,  S30. 
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served  in  the  centre  of  spheroidal  concretions  of  day-iron-stone.  The 
largest  of  these  lizards,  Archeffosaui-us  Deeheni,  must  have  heen  3  feet 
fi  inches  long.  The  annexed  drawing  represents  the  smallest  of  the 
three  of  the  natural  size.  They  were  considered  hy  Goldfiiss  as  saurians, 
but  by  Herman  von  Meyer  as  most  nearly  allied  to  the  Labyrinthodon, 
and  therefore  connected  with  the  batrachians,  as  well  as  the  lizards.  The 
remains  of  the  extremities  leave  no  doubt  that  they  were  quadrupeds, 
"  provided,"  says  Von  Meyer,  "  with  hands  and  feet  terminating  in  dis- 
tinct toes ;  but  these  limbs  were  weak,  serving  only  for  swimmmg  oi' 
creeping."  The  same  anatomist  has  pointed  out  certdn  points  of 
analogy  between  their  bones  and  those  of  the  Protaiis  anguinus ; 
and  Mr.  Owen  has  observed  to  me  that 
^^  they  make  an  approach  fo  the  Proteus 

in  the  shortness  of  their  ribs.     Two  of 
these  ancient  reptiles  retain  a  large  part 
of   the    outer    skin,   which   consisted  of 
Implicated  corermg  of  skin-of^™!*-    long,  narrow,  wcdgc-shaped,  tile-lIke,  and 
soso™™™dto.&i.iiif,;  j^uj.jjy  j.^j^igg^  arranged  in  rows  (see  fig. 

385). 
Ckeirotkerian  footprints  in  coal-measures,  United  States. — In  1844, 
the  very  year  when  the  Apateon  or  Salamander  of  the  coal  was  first  met 
with  in  the  eountiy  between  the  Moselle  and  the  Rhine,  Dr.  King  pub- 
lished an  account  of  the  footprints  of  a  large  reptile  discovered  by  him 
in  Horth  America.  These  occur  in  the  coal  strata  of  Greensburg,  in 
Westmoreland  county,  Pennsylvania ;  and  I  had  an  opportunity  of  ex- 
amining them  in  1846.  I  was  at  once  convinced  of  their  genuineness, 
and  declared  my  conviction  on  that  point,  on  which  doubts  had  been 
entertained  both  in  Europe  and  the  United  States.  The  footmarks  were 
first  observed  standing  out  in  relief  from  the  lower  surfece  of  slabs  of 
sandstone,  resting  on  thin  layers  of  flue  unctuous  clay.  I  brought  away 
one  of  these  masses,  which  is  represented  in  the  accompanying  di'awing 
(fig.  386).  It  displays,  together  with  footprints,  the  casts  of  cracks  (o,  a') 
of  various  sizes.  The  origin  of  such  cracks  in  clay,  and  casts  of  the 
same,  Las  before  been  explained,  and  referred  to  the  drying  and  shrinking 
of  mud,  and  the  subsequent  pouring  of  sand  into  open  crevices.  It  will 
be  seen  that  some  of  the  cracks,  as  at  6,  e,  traverse  the  footprints,  and 
produce  distortion  in  them,  as  might  have  been  expected,  for  the  mud 
must  have  been  soft  when  the  animal  walked  over  it  and  left  the  impres- 
sions ;  whereas,  when  it  afterwards  dried  up  and  shrank,  it  would  be  too 
hard  to  receive  such  indentations 

No  less  than  twenty-three  footsteps,  were  obseived  by  Dr.  King  in  the 
same  quarry  before  it  was  abandoned,  the  gteat«i  part  of  them  so  ar- 
ranged (see  flg.  387)  on  the  sulfide  of  f  ne  stiatum  as  to  imply  that 
they  were  made  successively  by  the  same  aramil      Everywhere  there 

,.  Zeit.  1 846 ;  and  Voq  Meyer,  Quart,  GfloL 
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Sleii  of  randetone  trom  thi 


was  a  double  row  of  tracks,  and  in  each  row  they  occur  in  pairs,  each 
pair  consisting  of  a  hind  and  fore  foot,  and  each  being  at  nearly  equal 
distances  from  the  next  pair.  In  each  parallel  row  the  toes  turn  the  one 
set  to  the  right,  the  other  to  the  left,  In  the  European  Chdrotkermni, 
before  mentioned  (p.  280),  both  the  hind  and  fore  feet  have  each  five 
toes,  and  the  size  of  the  hind  foot  is  about  iive  times  as  largo  as  the  fore 
foot.  la  the  American  fossil  the  posterior  footprint  is  not  even  twice 
as  large  as  the  anterior,  and  the  number  of  toes  is  unequal,  being  five 
in  the  hinder  and  four  in  the  anterior  foot.  In  this,  as  in  the  European 
CheiTothervmi,  one  toe  stands  out  Uke  a  thumb,  and  these  thumb-Ute 
toes  turn  the  one  set  to  tie  right,  and  the  other  to  the  left.  The  Amer- 
ican Ckeirotheji-um  was  eridentiy  a  broader  animal,  and  belonged  to  a 
distinct  genus  from  that  of  the  triasaio  age  in  Europe.* 


»  See  lycll's  Second  Visi 


Tol.  ii.  p.  305. 
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"We  may  assume  that  the  reptile  which  left  tlieae  prints  on  the  andent 
sands  of  the  coal-measures  was  an  air-breallier,  because  ita  weight  would 
not  have  been  sufBctent  under  wafer  fo  have  made  impressions  so  deep 
and  distinct.  The  same  conclusion  is  also  home  out  by  the  casta  of  the 
cracks  above  described,  for  they  show  that  the  clay  had  been  exposed  to 
the  air  and  sun,  so  as  to  have  dried  and  shrank. 

The  geological  position  of  the  sandstone  of  Greensburg  is  perfectly 
cleai',  being  sitiiafed  in  the  midst  of  the  Appalachian  coal-field,  having 
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the  main  bed  of  coal,  called  the  Pittshurg  seam,  above  mentioned 
{p.  381),  3  yards  thick,  100  feet  above  it,  and  worked  in  the  neighbor- 
hood, with  several  other  seams  of  coal  at  lower  levels.  The  impressions 
of  L^odendron,  SiffUhria,  SHc/maria,  and  other  characteristic  carbo- 
niferous plants,  are  found  both  above  and  below  the  level  of  the  reptilian 
footsteps. 

Analogous  footprints  of  a  lai^-e  reptile  of  still  older  dat«  have  sincf 
been  fomid  (1849),  by  Mr.  Isaac  Lea,  in  the  lowest  beds  of  the  coal  fo 
mation  at  Pottsville,  near  Philadelphia,  so  that  we  may  now  he  said  i 
have  the  footmarks  of  two  reptilians  of  the  coal  period,  and  the  skele- 
tons of  four,* 

CAEBOKIFEROUS    OE    MODNTAIN    LIMESTONE. 

Weha^e  ihcddj  seen  that  this  rock  lies  sometimes  entirely  beneath 
^^  „^^  the  coal  measures,  while,  in  other  districts,  it  alternates 

with  the  shales  and  sandstone  of  the  coal.  In  both 
Lwes  It  Js  destitute  of  land  plants,  and  usually  charged 
«ith  corals,  which  are  often  of  large  size  ;  and  several 
'(peeies  belong  to  the  lamelliferous  class  of  Lamarck, 
nhich  enter  hiigely  into  the  structure  of  coral  reefe 
1  ow  growing.  There  are  also  a  great  number  of  Cri- 
nmdea  (see  fig.  388),  and  a  few  Echinodermn,  associated 
With  the  zoophytes  above  mentioned.  The  Br<Kki(^o- 
U  constitute  a  laige  proportion  of  the  Mollusca,  many 
apocies  being  referable  to  two  extinct  genera,  Sptrifer, 
(or  Spirifera)  (fig.  389),  and  Productus  (Leptcena) 
(fig  390). 

\mong  the  spiral  univalve  shells  the  extinct  genus 
!  (see  fig  391)  is  one  of  the  commonest  fossils  of  the  Moim- 
tam  limestone     In  the  interior  it    s  often   hvidei  into  cl  imhers  (se 
fig  301,  rf),  the  septa  fi  partitions  not  beiig  perforated  a 


ferous  shells,  or  in  those  having  siphuncles,  like  the  Nautilus.     The  ani- 
mal appears,  like  the  recent  BuUmm  decoUatus,  to  have  retreated  at 

*  These  jmpreBeions,  found  by  Mr.  lea.  were  imaginBd  to  be  in  a  rook  as  ancient 
as  the  old  red  eandatone ;  but,  according  to  Mr,  H.  D.  Jtagers,  thej  are  in  tbe 
lowest  part  of  the  coal  formation. 
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(I.  Upper  ^e :  5.  iowor,  or  nrntllleal  rido ;  e.  vinw  showtag  m. 
lus  pantDgflnru  in  older  indlvldm'""  '-■'-■  "  -'-'--  ---'■' 
LerDol  cliuDbera. 


>f  pallAhed  && 


ods  of  ite  growth,  from  His  inferDsl  cavity  previously  form- 
ed, and  to  have  closed  all  eommtinication  with  it  by  a  septum.  The 
mmber  of  chambers  is  irregular,  and  they  are  generally  wanting  ia  the 
inuennost  whorl. 

There  are  also  many  univalve  and  bivalve  shells  of  existing  genera  in 
the  mountain  limestone,  such  as  Ttirritella,  Buccinum,  Patella,  Iso- 
eardia,  Ntimla,  and  Pecten*  But  the  Cephalopoda,  depart,  in  general, 
more  widely  from  living  forms,  some  being  generically  distinct  from  all 
those  frund  in  strata  newer  than  the  coal.  In  this  number  may  be 
mentioned  Orthoceras,  a  siphunded  and  chambered  shell,  like  a  Nauti- 
lus  nneoiled  and  straightened.  Some  species  of  this  genus  are  several 
feet  long  (fig.  382).     The  GoKiatile  is  anotiier  genua,  nearly  allied  to 


the  Ammcmite,  from  whieh  it  differs  in  having  the  lobes  of  the  septa 
free  ftom  lateral  denticulations,  or  crenatures ;  so  that  the  outline  of  these 
is  continuous  and  uninterrupted  (see  a,  fig.  393).  Their  siphon  is  small, 
and  in  the  form  of  the  strije  of  growth  they  resemble  Nautili.     Another 

*  PhilLps,  Geol.  of  Yorksh.  vol.ii.  p,  203. 
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extinct  geneni.  fmm  of  Cephalopod,  iboujiding  in  tlie  Mountain  lime- 
atone,  and  not  found  m  stiita  of  htPi  dite,  n  ilie  Bellerophon  (fig>.  394), 
of  which  fliB  shell,  like  the  living  Ai^onauf,  w  is  without  ctamhers. 


CHAPTER   XXVI. 

om   EED  BANBBTOHE,   OB  DBTONIAS   OEOUP. 

Old  Bed  Sandstone  of  Scotland,  and  borders  of  Waloa-— Fossils  usually  rare— 
"Old  Rod"  in  Forfuraliire— Ichthyolites   of   CaiOinesB— Distinct   Etholo^oftl 

type  of  Old  Red  in  Deyon  and  Cornwall— Term  "  DeTonian" Oigauic  reraains 

of  intemiediaie  character  between  those  of  the  Carboniferous  and  Silurian  sys- 
temB—Oorala  and  ehoDs— Devonian  strata  of  Weatpbalia,  the  Ejfel,  Ruasia,  and 
tie  United  States— Coral  reef  at  Falls  of  the  Ohio— Devonian  Flora. 

It  was  stated  in  Chap.  XXII.  that  the  Carhoniferous  formation  is 
aurmounted  by  one  called  the  "  JiTew  Red,"  and  underlaid  by  another 
called  the  "  Old  Red  Sandstone-''^  ITie  British  strata  of  the  last-men- 
tioned series  were  first  recognized  in  Herefordshire  and  Scotland  as  of 
great  thickness,  and  immediately  subjacent  to  the  coal ;  but  they  were 
in  genei'al  so  barren  of  organic  remains,  that  it  was  difficult  to  find  pa- 
leontological  characters  of  Bufficient  importance  to  distinguish  them  as 
an  independent  group.  In  Scotland,  and  on  the  bordera  of  Wales,  the 
"  Old  Eed"  consists  chiefly  of  red  sandstone,  conglomerate,  and  shale, 
with  few  fossils ;  but  limestones  of  the  same  age,  peculiarly  rich  in  or- 
ganic remains,  were  at  length  found  in  Devonshire. 

I  shall  first  advert  to  the  characters  of  the  group  as  developed  in 
Herefoivlshire,  "Worcestershire,  Shropshire,  and  South  "Wales.  It«  thick- 
ness has  been  estimated  at  8000  feet,  and  it  has  been  subdivided  into— 

Ist.  A  qnartzose  conglomerate  paaamg  downward  info  chocolate-red  and  green 
sandstone  and  marL 

2d.  Cornstone  and  marl— red  and  green  argiUaceous  spotted  marls,  with  ineg- 
uiar  courses  of  impure  concretionary  limestone,  prosmcially  called  Comstona, 

•  Phillips,  Geol.  of  Yorkah,  pi.  20,  fig.  66.  f  Ibid.  pi.  17,  G"-.  15.  ' 

X  See  section,  fig.  318,  p.  287. 
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Ileie,  as  usual,  fossils  are  extiemdj  rare  m  the  clays  and  sand- 
sfonts  in  which  the  red  oxide  of  iion  prevails,  but  remains  of  fishes 
of  the  genera  Cepkalaspis  and  Omhiis  lia\e  be^ii  discovered  in  the 
Comstone. 

The  whole  of  the  northern  part  of  Sootl^d  trim  Cape  Wrath  to  the 
southern  flank  of  the  Grampians,  has  been  well  described  by  Mr.  Miller 
as  consisting  of  a  nudeus  of  granite,  gneiss,  and  other  hypogene  rocks, 
which  seem  as  if  set  in  a  sandstone  frame.*  The  beds  of  the  Old  Red 
Sandstone  constituting  this  frame,  may  once  perhaps  have  extended  con- 
tinuously over  the  entii'e  Grampians  before  tie  upheaval  of  that  mountain 
range ;  for  one  hand  of  the  sandstone  follows  the  course  of  the  Moray 
Frith  far  into  the  interior  of  the  great  Caledonian  valley ;  and  detached 
hills  and  island-like  patches  occur  in  sevei'al  parte  of  the  int«rior,  capping 
some  of  the  higher  summits  in  Sutherlaadahire,  and  appearing  in  Moray- 
shire like  oases  among  the  granite  rocks  of  Strathspey.  On  the  western 
coast  of  Roas-shire,  the  Old  Red  forms  those  three  immense  insulated 
hills  before  d^cribed  (p.  67),  where  beds  of  horizontal  sandstone,  3000  feet 
high,  rest  nnconformably  on  a  base  of  gneiss,  attesting  the  vast  denuda- 
tion which  has  taken  place. 

But  in  order  to  observe  the  uppermost  part  of  the  Old  Red,  we  must 
travel  south  of  the  Grampians,  and  examine  its  junction  with  the  bottom 
of  the  Carboniferous  series  in  Fifeshire.  This  upper  member  may  be  seen 
in  Dura  Den,  south  of  Cupar,  to  consist  of  a  beit  of  yellow  sandstone,  in 
which  Dr.  Fleming  first  discovered  scales  of  Sok^ti/chius,  and  in  which 
species  of  fish  of  the  geaei'a  Pterickthys,  Pamphractun,  and  others,  have 
been  met  with.     (For  genus  Ptericktkys,  see  fig.  400,  p.  345.) 

The  beds  next  below  the  yellow  sandstone  are  well  seen  in  the  large 
zone  of  Old  Red  which  shirts  the  southern  flank  of  the  Grampians  from 
Stonehaven  to  the  Frith  of  Clyde.  It  ihere  forms,  together  with  trap,  the 
Sidlaw  Hills  and  the  strata  of  the  valley  of  Strathmore.  A  section  of 
this  re^on  has  been  aheady  given  (p.  48),  extending  from  the  foot  of 
the  Grampians  in  Forfarshire  to  the  sea  at  Arbroath,  a  distance  of  about 
20  miles,  where  the  entire  series  of  strata  is  several  thousand  feet  thick, 
and  maybe  divided  into  three  principal  masses;  1st,  and  uppermost, 
red  and  mottled  marls,  comstone,  and  sandstone  (Nos.  1  and  2  of  the 
section)  ;  2d,  Conglomerate,  often  of  vast  thickness  (No.  3,  ibid.)  ;  8d, 
Roofing  and  paving  stone,  highly  micaceous,  and  containing  a  slight  ad- 
mixture of  carbonate  of  lime  (No.  4,  ibid.)  In  the  flret  of  these  divisions, 
which  may  be  considered  as  succeeding  the  yellow  sandstone  of  Fife- 
shire before  mentioned,  a  gigantic  spedes  of  fish  of  the  genus  Ho- 
loptyckius  has  been  found  at  Oiaahbinnie  near  Perth.  Some  scales 
(see  fig.  395)  have  been  seen  which  measm'ed  3  inches  in  length  by  2^ 
in  bwadth. 

At  the  top  of  the  next  division,  or  immediately  imder  the  conglom- 
erate (No.  3,  p.  48),  there  have  been  found  in  Forfarshire  some  remark- 

«  Tlie  Old  Ked  Sandstonu,  by  Hugh  Miller,  I84I. 
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crustaceans,  with  several 
the  genus  named  by  Agas- 
epkalaspis,  or  "  buefcier- 
l,"  from  tie  extraordinary 
which  covers  the  head 
g.  396),  and  which  has 
)een  mistalien  for  that  of  a 
e,  of  the  division  Asapkus. 
iies  of  the  same  genus  ate 
ired  in  England  as  charac- 
of  tie  second  or  Com- 
li vision  (p.  343). 


m  diCFercnt  parts  tpf  tli«  body 

In.  the  same  gi'aj-  paving-stones  and  coarse  roofing-slates,  in  wliich  tlie 
C 2  hala  f  ii,  occ  rs  '  Fo  fa  sh'  e  and  Kineardineslure,  the  remains  of 
mar  e  plants  or  ftico  Is  abo  nd  They  ire  frequently  accompanied  by 
gr  pa  of  hexagonal  or  n^  ly  hexagonal  n  arkings,  whidi  consist  of 
small  flit  e  ed  ca  bonaceous  i  od  bs  i  laced  in  a  slight  depre^ion  of 
th  sandstone  or  sh^le  (See  fig«  0  ind  308.)  They  much  resemble 
of  tl  e  recent  Nat  ci  {see  fig.  399),  in  which  the 
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in  a  t]dii  layer  of  sand,  and  seem  to 
acquired  a  polygonal  form  by  pressing  against 


^XtmEih?^^"   Strathmore,  ir 

of  -^aiwa  erate,  dud  J 


Pig  309 


The  substauoe  of  the  e__ 

ise  to  small  pellicles  of  carbonaceous  matter. 

}  met  with,  both  to  the  north  of 

1  the  vertical  shale  beneath  the  conglom- 

the  same  beds  in  the  Sidlaw  Hills,  at  all 

the  points  where  iig  4  is  introduced  in  the  section,  p.  48. 

Beds  of  red  shale  and  red  sandstone,  sometimes  associated  with 
j^g,40D  puddingistone  (older  than  JTo,  3, 

fig.  62,  p.  48),  and  destit«t«  of 
organic  remains,  separate,  in  the 
region  of  Strathmore,  the  abore- 
deaeribed  fossiliferous  strata  from 
the  older  crystalline  rocks  of  the 
Grampians.  But,  in  the  north  of 
Scotland,  we  find,  at  the  base  of  the 
Old  Bed,  other  gray  slaty  sand- 
atones,  in  the  counties  of  Banff, 
Nairn,  Moray,  Cromarty,  Caithness, 
and  in  Orkney,  rich  in  ichthyolites 
of  peculiar  forma,  belon^ng  to 
the  genera  Plerichthyi  (fig.  400), 
i;  cBriBiflredVyH-UHler.'  "  Cocmsteus,  Dipl^lems,  Dipterus, 
Ckdramnthus,  and  others  of  Agassiz. 

Five  specie  of  PterkUhys  have  been  found  in  this  lowest  diviaon  of 
the  Old  Red,  The  wing-like  appendages,  whence  the  genus  is  named, 
were  first  supposed  by  Mr.  Miller  to  be  paddles,  like  those  of  the  turtle ; 
but  Agassiz  regards  them  as  weapons  of  defence,  like  the  occipital  spines 
of  the  River  Bull-head  {Cottus  gobio,  Linn.)  ;  mA  considers  the  tail  to 
have  been  the  only  organ  of  motion.  The  genera  Dipterus  and  Dip- 
lopterm  are  so  named,  because  their  two  dorsal  fins  are  so  placed  as  to 
&ont  (he  anal  and  ventral  flns,  so  as  to  appear  Uke  two  pairs  of  wings. 
They  have  bony  enamelled  scales. 

Smth.  Devon  and  Cornwall. — A  great  step  was  maxJe  in  the  classifi- 
cation of  the  slaty  and  calciferous  sti'ata  of  South  Devon  and  Cornwall 
in  1837,  when  a  large  portion  of  the  beds,  previously  referred  to  the 
"  transition"  or  most  ajicient  fossiliferous  series,  were  found  to  belong  in 
reality  to  tiie  period  of  the  Old  Red  Sandstone.  For  this  reform  we  are 
indebted  to  the  labors  of  Professor  Sedgwick  and  Sir  R  Murchison, 
assisted  by  a  suggestion  of  Mr.  Lonsdale,  who,  in  1837,  after  examining 
the  South  Devonshire  fossils,  perceived  that  some  of  them  agreed  with 
those  of  the  Carboniferous  group,  others  with  those  of  the  Silurian, 
while  many  could  not  be  assigned  to  either  system,  the  whole  taken 


PteniH^y',  AgMSi 


*  Old  Red  Sandstone.     Plata  1, 
grapLio  and  correct 


Mr.  M.'a  deaoription  of  the  fisli  ia  m 
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together  exliibiting  a  peculiar  and  inteimediate  diara<;tei-.  But  these 
paleoQtological  observatioos  alone  would  not  have  enabled  us  to  assign, 
with  acciira<y,  the  true  place  in  the  geological  series  of  these  slate-rocks 
and  h'mestones  of  Soath  Devon,  had  not  Messis.  SedgTvick  and  Murohi- 
son,  in  1836  and  1837,  discovered  that  the  culmifevous  or  anthradtic 
shales  of  North  Devon  belonged  to  the  Coal,  and  not,  as  preceding  ob- 
servers had  imagined,  to  the  transition  period. 

As  the  sti'ata  of  South  Devon  here  alluded  to  are  for  richer  in  organic 
remains  than  the  red  sandstones  of  contemporaneous  date  in  Hei'eford- 
shire  and  Scotland,  the  new  name  of  the  "  Devonian  system"  was  pro- 
posed as  a  substitute  for  that  of  Old  Red  Sandstone. 

The  rocks  of  this  group  ia  South  Devon  consist,  in  great  part,  of 
green  chloritic  slates,  alternating  with  hard  quartzose  slates  and  sand- 
stones. Here  and  there  calcareous  slates  are  interstralified  with  blue 
crystalline  limestone,  and  in  some  divisions  conglomerates,  passing  into 
red  sandstone. 

The  hnk  supplied  by  the  whole  ^semblage  of  imbedded  fossils,  con- 
necting as  it  does  the  paleontology  of  the  Silurian  and  Carboniferous 
groups,  is  one  of  the  highest  interest,  and  equally  striking,  whether  we 
regard  the  ^fenera  of  corals  or  of  shells.  The  species  are  almost  all 
distinct, 

-Among  the  more  abundant  corals,  we  find  the  genera  Favosites  and 
CyafJiophyllum,  common  on  the  one  hand  to  the  Mountain  limestone, 
and  on  the  other  to  the  Silurian  system.  Some  few  even  of  the 
species  are  common  to  the  Devonian  and  Silurian  groups,  as,  for 
example,  F       7     j  Jyn      }      {'      40  )  South 

Devon. 


The  Cyathophyllum  cmspitosum  (fig.  402)  and  Porites  piriformis 
(fig.  424,  p.  356),  are  more  peculiarly  eharacteiistic  of  the  Devonian 

In  regard  to  the  shells,  all  the  brachiopodous  genera,  sueh  as  Tere- 
bratwla,  Orthis,  Spirifer,  Atri/pa,  and  Produetws,  which  are  found  in 
the  Mountain  limestone,  occur,  togethei'  with  those  of  the  Silurian  sya- 
'  "i,  except  the  Pmtamerus.  Some  foims,  however,  seem  exclusively 
for  example,  Ccdceola  sandalina  (fig.  403)  and  Strygo- 
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ph  J     Murtini  {fig.  iOi),  which  have  been 

m  t      th  both  in  theEiiy.in  Germany,  and  in 

D         hire,  iii  the  very  lowest  Devonian  beds. 

Am  ng  the  peculiar  lamelli-branehiate  bi- 

al  Iso  common  to  Devonshire  and  the 
Efl  we  find  Megalodon  cucullatm  (%, 
405)  Several  spiral  univalves  are  abundant, 
am  ng  which  are  many  species  of  Plewoto- 
m  and  EiLomphalus.  Among  the  Cepha- 
1  p  1  we  find  Bellerophon  and  Orthoeems, 
a  tJ  e  Silurian  and  Carboniferous  groups, 
d  Ckniatite  and  Cyvtocm-ai,  as  in  the  Car- 
bon f  ua  In  some  of  the  upper  Devonian 
beds,  a  hell,  resembhng  a  flattened  &<miatile, 
cilled  Clymema  hy  1 

}  1      lei,  \nated*) 


SSrygoit^fhaUig  StcrHni.    {TerebTOiula potvectii,  B( 

e.  laterior  of  largBC  valve,  eboning  thick 
auidnaed  nam  It. 

Fig  405 


T     EiM    BlHo  Ernaiey  a  Devon 
^wlng  the  large  oardlnel  tooth. 
*  Camh  PLiL  Ti  ing.  vol.  vi,  pi.  8.  fig.  2. 
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A  peculiar  species  of  trilobite,  called  Brontes  fiahellifer  (tig.  40V),  is 
found  in  the  Devonian  itcata  of  the  Eifel  and  in  South  Devon.  It 
should  be  observed,  however,  that  the  head  in  the  Bpecimeii  here  figured 


Bnmiafialb^l^fir,  OoldC 


by  GoMfuss,  the  most  perfect  which  could  be  obtdned,  v 

and  a  restoration  has  been  attempted  by  Mr.  Salter  in  fig.  408,  irom  data 

supplied  by  other  species  of  the  same  genus  occurring  in  older  rocks. 

For  determining  the  true  equivalents  of  the  Devonian  group  in  the 
Rhenish  provinces  and  adjacent  parts  of  Germany,  we  are  indebted  (o 
the  laboM  of  Messrs.  Sedgwick  and  Murchison,  in  1839,  from  which  it 
appeare  that  rocks  of  that  age  emei'ge  from  beneath  the  coal-field  oi 
Westphidia,  and  are  also  found  in  troughs  among  the  Silurian  rocks  in 
Nassau.  Many  of  the  limestones,  particularly  those  on  the  river  JLahn, 
are  identical,  both  in  stiiicture  and  in  coralline  remains,  with  the  beauti- 
ful marbles  of  Babbacombe,  Torquay,  and  Plymouth. 

The  lunestones  of  the  Eifel,  long  ago  celebrated  for  their  fossils,  and 
which  lie  in  a  basin  supported  by  Silurian  rocks,  are  found  to  be  refera- 
ble to  the  lower  part  of  the  Devonian,  system. 

In  Russia,  also,  Measrs.  Murchison  and  Do  Verneuil  have  shown 
(1840)  that  the  "  Old  Red"  group  occupies  a  wide  area  south  fi-om  St. 
Petei«buig.  It  was  formerly  supposed  to  he  the  New  Eed  Sandstone, 
on  account  of  its  saliferous  and  gypseous  beds  ;  but  it  is  now  proved  to 
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be  the  Oid  Ked  by  containing  ichtbyolites  of  genera  which  chai'acterize 
this  group  in  the  British  Isles,  as,  for  example,  Moloplt/chius,  Coccoateus, 
Diplopterm,  &c,*  associated  with  moUusca  found  in  the  Devoniaii  of 
"Western  Europe.  Among  the  fish  are  also  many  species  of  sharks  of 
tbe  Cestraciont  division,  a  fact  worthy  of  notice,  because  the  squaloid 
fishes  of  the  present  day  offer  the  highest  oi^nization  of  the  brain  and 
of  tlie  generative  organs,  and  make,  in  these  respects,  the  nearest  ap- 
proach to  the  higher  vertebrate  classes. 

Devonian  Strata  in  the  United  States. 

The  position  of  this  formation  between  the  carboniferous  rocks  of 
Pennsylvania  and  Ohio,  is  pointed  out  in  the  section,  flg.  379,  p.  327, 
and  it  is  a  remark  of  M.  de  Vemeuil  that  in  no  European  country  is 
there  so  complete  and  uninterrupted  a  development  of  the  Devonian 
system  as  in  North  America.  At  the  foils  of  the  Ohio,  at  Louisville,  in 
Kentucky,  there  is  a  grand  display  of  one  of  flie  limestones  of  this 
period,  resembling  a  modem  coral  reef,  A  wide  extent  of  surface  is  ex- 
posed in  a  series  of  horizontal  ledges,  at  all  seasons,  when  the  water  is 
not  high ;  and  the  softer  parts  of  the  stone  liavmg  decomposed  and 
wasl«d  away,  tJie  harder  calcareous  torali  stand  nut  in  reliel^  and  many 
of  them  send  out  branches  from  their  erect  stems  precisely  as  if  they 
were  living.  Among  other  species  I  observed  large  masses,  not  lees  than 
5  feet  in  diameter,  of  Favosites  gothlandioa,  with  its  beautiful  honeycomb 
structure  well  displayed,  and,  by  the  side  of  it,  the  Favistella,  combining 
a  similar  honeycombed  form  with  the  star  of  the  Astrcea.  There  was 
also  the  cup-shaped  Oyathophyllum,  and  the  dehcate  network  of  the 
Fenestella,  and  that  elegant  and  well-known  European  species  of  fossil, 
called  "  the  chain  coral,"  Catenipora  escharoides,  with  a  profusion  of 
others  {see  fig.  423,  p.  355).  These  coralline  forms  were  mingled  with 
the  joints,  stems,  and  occasionally  the  heads,  of  Uly  encrinites.  Although 
hundreds  of  fine  specimens  have  been  detached  fiom  these  rocks  to  en- 
rich the  museums  of  Europe  and  America,  another  crop  is  constantly 
working  its  way  out,  under  the  action  of  the  stream,  and  of  the  sun  and 
rain,  in  the  warm  season  when  the  channel  is  laid  dry.  The  waters  of 
the  Ohio,  when  I  visited  the  spot  in  April,  1848,  were  more  than  40  feet 
below  their  highest  level,  and  20  feet  above  their  lowest,  so  that  large 
spaces  of  bare  rocks  were  exposed  to  view.f 

Devonian  Flora. 
With  the  exception  of  the  facoids  above  mentioned  (p,  844),  but  lit- 
tle is  known  with  certainly  of  the  plants  of  the  Devonian  group.    Those 
found  in  the  department  of  La  Sarthe  in  FrMice,  and  in  various  paita  of 
Brittany,  formerly  referred  to  the  Devonian  era,  have  heaa  shown  {in 

*  See  Proceedir^  of  GeoL  Soc  and  the  anniversary  speech  of  Dr.  BucHnnd, 
P.  G,  a,  for  1841. 

f  Ljell'a  Second  Fisit.fo  the  United  States,  vol.  ii.  p.  211. 
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1860),  by  H.  de  Vemeui],  to  belong  to  tie  carboniferous  series.  Tbe 
same  may  l>e  said  of  the  species  of  Zepidodendron,  Knorria,  Catamite, 
Sagenarvi,  and  otter  genera  recently  figured  (1850),  by  Mr.  F.  A.  Riimer, 
from  the  formation  called  "  GreywackS  k  Posodonomyes"  in  the  Hartz.* 
They  are  accompanied  by  GoniatiUs  reticulatus  Phillips,  G.  mtercosta- 
tua  Phil.,  and  other  moimtain  limestone  species,  and  had  been  previously 
assigned  to  the  oldest  pait  of  the  carboniferous  series  by  Messrs.  Mm'chi- 
son  and  Sedgwick. 

If  hereaf(«r  we  should  become  well  acquainted  with  tlie  land  plants 
of  the  Devonian  era,  we  may  confidently  expect  that  nearly  all  of  them 
will  agree  generically  with  those  of  the  carboniferous  period,  but  the 
species  will  be  as  ditfcrent  as  are  the  Devonian  vertebrate  and  inverte- 
brate animals  fi^om  the  fossil  species  of  the  Coal. 


CHAPTER  XXVII. 


saurian  strata  formerly  called  fpansition — Teim  grauwaeM— Sulidiviaiona  of 
Upper  and  Lower  SiluriaJi— Ludlow  formation  and  fossils — Wealock  formation, 
corals  and  sheila — Caradoe  and  Llfuideilo  beds — Graptolites — Lingula — Tri- 
lobifea — Cyatidese — Vast  Hiiokneas  of  Silurian  strata  in  North  Wales— Uncon- 
forraability  of  Caradoc  sandstone — ailurian  strata  of  the  United  States- 
Amount  of  specific  agreement  of  foaaila  witli  tliosu  of  Europe — Great  number 
of  bi'aehiopods — Deep-sea  origin  of  Silui'ian  strata — Abaence  of  fluviatile  forma- 
tions— Mineral  character  of  the  most  andeot  foesiliferaua  rocka. 

We  come  next  in  the  descending  order  to  the  most  ancient  of  the  pri- 
mary fosailiferous  rocks,  that  seiies  which  comprises  the  greatei'  part  of 
the  strata  formerly  called  "  transition"  by  Werner,  for  reasons  explained 
in  Chap.  VIIL  pp.  91  and  92.  Geologists  have  also  applied  to  these 
older  strata  the  general  name  of  "grauwackS,"  by  which  the  German 
miners  designate  a  particular  variety  of  sandstone,  usually  an  aggregate 
of  small  fragments  of  quartz,  flinty  slate  (or  Lydian  stone),  and  clay- 
slate  cemented  together  by  argillaceous  matter.  Far  too  much  import- 
ance has  been  attached  to  this  kind  of  rock,  as  if  it  bdonged  to  a  certain 
epoch  in  the  earth's  history,  whereas  a  similar  sandstone  or  grit  is  found 
sometimes  in  the  Old  Red,  and  in  the  MiUstone  Grit  of  the  Coal,  and 
sometimes  in  cert^n  Cretaceous  and  even  Eocene  formations  in  the  Alps. 

The  name  of  Silurian  was  first  proposed  by  Sir  Roderick  Murchison, 
for  a  series  of  fosailiferous  strata  lying  below  the  Old  Red  Sandstone, 
and  occupying  that  pait  of  Wales  and  some  contiguous  counties  of  Eng- 
land, which  once  constituted  the  kingdom  of  the  SUures,  a  tribe  of 
ancient  Britons.     The  strata  have  been  divided  into  Upper  and  Lower 

*  Memoir  nn  the  Hai'ti!,  Palicoutographiea  of  Eunker  and  Von  Meyer,  ]iart  ill. 
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Silurian,  and  these  again  in  tlie  region  alluded  to  admit  of  several  well- 
marked  subdivisions,  all  of  them  explained  in  the  following  table, 

UPPER  SILURIAN  ROCKS. 

Prev^iiLg  Lltliologl-     '^g^)^  Organic  remolus. 

'ioely     laminated  1 
reddish         and  I  „. 
green  sandstones  f 
atid  shalufl.  J 


3C  I 

Ajmestry  ( 


Lowor     (Sb^H  withe 
tucilow.     1      ^°^    "' 


LOWER  SILURIAN"  ROCKS. 


Flags  of  ahoUy 
limestone  and 
saJidstone,  thick 
bedded      whitfi 


I  Uandeilo  j  Dark   color, 


Marine  mollusca  of  al- 
most eyerj  order  ,the 
Brachiopoda  most 
abundant.  Sorpuld, 
Corals,  Sauroid  Bsli, 
FnoL 


fore,  Crustaceans  of 
the  Trilobita  family. 
Oldest  bones  of  fish 
yet  known. 


[  laOO      Mollusca,  Trilobites. 


Ludlow  fornmiion. — This  member  of  the  Upper  Silurian  group,  as 
will  be  seen  by  the  above  table,  is  of  great  thiekaesa,  and  subdivided 
into  four  parts — the  Tilestone,  the  Upper  and  Lowei'  Ludlow,  and  the 
intervening  Ajmeatry  limestone.  Each  of  these  may  be  dis^nguished 
near  the  town  of  Ludlow,  and  at  other  places  in  Shropshire  and  Here- 
fordshire, by  peculiar  organic  remains. 

1.  TUestones. — ^This  uppermost  division  was  ori^nally  classed  by  Sir 
E.  Murchison  with  the  Old  Red  Sandstone,  because  they  decompose  into 
a  red  soil  throughout  the  Silurian  region.  At  the  same  time  he  regard- 
ed tie  tilestones  as  a  transition  group  forming  a  passage  from  Silurian 
to  Old  Red.  It  is  now  ascertained  that  fhe  fossils  agree  in  great  part 
specifically,  and  in  genera!  character  entirely,  with  those  of  the  succeed- 
ing fonnation. 

2.  Upper  Lvdlow. — The  next  division,  called  the  Upper  Ludlow,  con- 
sists of  gray  calcareous  sandstone,  decomposing  into  soft  mud,  and  con- 
tains, among  other  shells,  the  Lingula  cornea,  which  is  common  to  it 
and  the  lowest,  or  tilestone  beds  of  the  Old  Red.     But  the  Ortkis  or- 
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bkularisk  peculiti  to  the  TJ]pei  Ludloir,  anl  \eiy  common     mi  the 
lowest  or  mud-at  ue  b  Is   ire  liitlfd  for  i  thii-biess  of  %0  feet  with 


Terebralifla  navkala  (tig  410}  in  vast  lumVra  Amon^  the  cepha 
lopotloua  molliisca  ucui  the  geneia  BelUropkon  tnd  OrDwcera^  and 
among  the  Crustacea  the  ffomalanotus  (tig.  418,  p.  854).  A  coral  called 
Ihvosiies  polymorpha,  Goldf.  (fig.  401,  p.  348),  is  found  both  in  tliis 
subdivision  and  in  the  Devonian  system. 

Among  the  fcffisil  sheila  are  species  of  LepUma,  Orthis,  Terebratuh, 
AvicTtla^  Trochas,  OrtJMeeras,  Bellerophm,  and  others.* 

Some  of  the  Upper  Ludlow  sandstonea  are  ripple-marked,  thiis  afford- 
ing evidence  of  gradual  deposition;  and  the  same  may  he  said  of  the 
accompanying  fine  argillaceona  shales  which  are  of  great  thickness,  and 
have  been  provincially  named  "  mudstonea."  In  these  shales  many  zoo- 
phytes are  found  enveloped  in  an  erect  position,  having  evidently  become 
fossil  on  the  spots  where  they  grew  at  the  bottom  of  the  sea.  The  fe- 
dlity  with  which  these  roclts,  when  exposed  to  the  weathei',  are  resolved 
into  mud,  proves  that,  notwithstanding  their  antiquity,  they  arc  nearly 
in  the  state  in  which  they  were  first  thrown  down. 

The  scales,  spines  (kkthyodoruiites),  jaws,  and  teeth  of  fish  of  the 
genera  Onckus,  Plectrodus,  and  others  of  the  same  family,  have  been 
met  with  in  the  Upper  Ludlow  rocks. 

3,  Aymesti-y  limestone. — The  next  group  is  a  subcrystalline  ajid  ar- 
gillaceous limestone,  which  is  in  some  places  50  feet  thick,  and  distin- 


Mii,  Sow.    Aymestiy. 

h  YaWca,  showiDg  the  central  piste 
■"septum;  ialfnat size. 

*  Murchiaon,  Silurian  System,  pp.  198,  199. 
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guished  around  Aymeatry  by  the  abundance  of  Pmtamerus  Knightii, 
Sow.  (fig.  411),  also  found  in  tlie  Lower  Ludlow.  This  genus  of  bra- 
chiopoda  has  only  been  found  in  tbe  Silurian  strata.  The  name  was 
derived  from  •xivre,  pente,  five,  and  (nSpof,  meros,  a  part,  because  both 
valves  are  divided  by  a  central  septum,  mating  four  chambers,  and  in 
one  valve  the  septum  itself  contains  a  small  chamber,  maldug  five ;  but 
neither  the  structure  of  this  shell,  nor  the  connection  of  the  animal  with 
its  several  parts,  are  as  yet  understood.  Messrs.  Murchison  and  De  Ver- 
Sie-Hi.  ■"^"'^    discovered  this  species    dispersed  in  myriads 

through  a  white  limestone  of  upper  Silurian  age,  on 
the  banis  of  the  Is,  on  the  eastern  flank  of  tie  Urals 
in  Russia. 

Three  otier  abundant  shells  in  the  Aymestiy  lime- 
i  SI&,  1st,  Ijingula,  Lewidi  (fig.  412) ;  2d,  Tere- 
bratula  Wilsoni,  Sow.  (fig.  413),  which  la  also  common 
to  the  Lower  Ludlow  and  Wenloct  limestone ;  3d, 
Atrypa,  reticularis,  Lin.  (fig.  414),  which  has  a  very 
wide  range,  being  found  in  evety  part  of  the  Silurian 
system,  except  the  Llandeilo  flags. 


J.  Sow. 


valve. 

or  Diatgin  of  Uie  valvea 


4,  Lower  Ludlow  shale. — A  dark-gray  arg^Qaceous  deposit,  contain- 
ing, among  other  fossils,  the  new  genera  of  chambered  shells,  iha  Fhrag- 
moceras  of  Broderip,  and  the  i/totfes  of  Breyn  (see  figs.  415,  416).  The 
latter  is  partly  straight  and  partly  convoluted,  nearly  as  in  Sptrula. 
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The  Orthocera^  Ludetzse  (fig.  417),  as  well  as  tlie  shell  last  mentioned, 
ia  peculiar  to  this  member  of  fJie  series.    Tlie  ITomalonotus  del^hinoce- 


tmabiid  secUon,  ehowlDg  elpbimDle.    Lndlav. 


phalus  (fig.  418)  is  common  to  this  division  and 
to  tieWenlock  limestone.  This  cnistacean  belongs 
to  a  group  of  trilobites  whieli  has  been  met  with 
in  the  Silurian  rocks  only,  and  in  which  the  tripar- 
tite charactcf  of  the  doraal  aiiat  is  almost  lost 

A  species  of  Graptolite,  &.  Lv.denm,  Murch. 
(fi^  419),  a  form  of  zoophyte  which  has  not  yet 
leen  met  with  in  strata  newel"  than  the  silurian, 
occurs  in  the  Lower  Ludlow. 

W&nloch  formation. — We  next  come  to  the 
^^  pnlock  formation,  which  has  been  divided  (see 
Table,  p.  351)  into 

1,  Wenlock  limestone,  formerly  well  known  to 

collectors  by  the  name  of  the  Dudley  limestone, 

which  forms  a  continuous  ridge,  ranging  for  about 

"oSato*,  KBnig.*  Dnaiey    20  milfis  from  S.  W.  to  N.  E.,  about  a  mile  dis- 

e,    na  Bza  ^^^  ^^  ^^  nearly  parallel  escarpment  of  the 

Aymestry  limestone.    The  prominence  of  this  rock  in  Shropshire,  like 

that  of  Aymestry,  is  due  to  its  solidity,  and  to  the  soilness  of  the  shales 


*  Silurian  System,  pi.  T,  b 
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above  <ind  below.    It  is  (livided  into  largp 
.  concietionil  masses  of  pure  limestimp,  and 
abounds  m  triiobites,  amon^  which,  tie 
I   pravaihng  species  are  Pkacofis  caudatm 
__  ^^    ^^^j  ^^^  Calymene  Blumenhachii, 

commonly  called  the  Dudley  tnlobite     The  latter  is  oft«  n  tiUDd  coiled 
up  like  a  wood-louse  (see  fig.  420). 


LepKen     d^eisa    Sow    la    ommon  in  t!  s  lock,  tut  aluo  ranges 
thiough  the  Lower  Lullov    Wenlock  shale 
r  t  42S  an  1  C  iradoc  Sandstone 

Among  the  corals  in  which  this  formation  is 
very  rich,  the  Catenipora  eseharoides,  Lam.  (fig. 
423),  or  chain  coral,  may  be  pointed  out  as  one 
very  easily  recognized,  and  widely  spread  in 
Europe,  ran^ng  through  a!!  parts  of  tie  Silu- 
rian group,  from  theAymestry  limestone  to  the 
bottom  of  tie  seiies. 

Another  coral,  the  Pontes  pyriformis,  is  also 
met  with  in  profusion;  a  species  common  to 
the  Devonian  rocks. 

Cystiphyllum  Silurimse  (fig.  425)  is  a  spe- 

Caie  ij>   a  a^iharoidti      cies  peculiar  to  tie  "Wenlock  limestone.     This 

new  genus,  the  name  of  which  is  derived  from 

xuffTif,  a  bladder,  and  ipuXXov,  a  leaf,  was  instituted  by  Mr.  Lonsdale 

for  corals  of  the  Silurian  and  Devonian  groups.    It  is  composed  of  smfill 

bladder-like  cells  (see  fig.  425,  h). 

2.  The  Wenlo<i  Shale,  which  exceeds  VOO  feet  in  thickness,  contains 
many  species  of  brachiopoda,  such   as  a  small  variety  of  tie  lAnyula 
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WealockUmeaLsiidehsle.  Als  luAymeBry     I 
limestone  and  L.  Lndlow. 


Lewisii  {fig.  41 2),  and  the  Atrypa  reticularis  (fig,  414)  Lefore  mpntioned, 
and  it  will  be  seen  that  several  other  foasils  before  enumerated  range  into 
this  shale. 


The  Lower  Silurian,  rocks  have  been  subdivided  into  two  portions. 

1.  The,  Caradoe  sandstone,  which  abuts  against  the  trappean  chain 
called  the  Caradoe  Hills,  in  Shropshire.  Its  thickness  is  estimated  at 
2500  feet,  and  the  larger  proportion  of  its  fossils  are  specifically  distinct 
from  those  of  the  TTppei'  Silurian  rocks.  Among  them  we  find  many 
tnlobitea  and  shells  of  thp  genera  Orthnteras,  Ifauhlits,  and  Bellerophon  ; 
and  amon^  the  Brachiopodi  the  Ptntamerus  oblongus  and  P.  Imvis 
(fig    426),  which  are  ^erv  abundant  and  peciUiar  to  this  bed;  also 


Orihis  grandis  (fig.  427),  and  a  fossil  of  well-defined  form,  TenlaeuUles 
annulatijLB,  Schlot.  (fig.  428),  wHch  Mr.  Salter  has  shown  to  be  refer- 
able to  the  Annelids  and  to  the  same  tribe  as  Serpula. 
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The  most  andent  bony  remains  of  fish  yet  discovered 
ill  Great  Britain  ai'e  those  obtained  from  the  Wenlodc 
limestones;  but  coprolites  referred  to  fish  occur  stUl 
n  the  Silurian  series  in  Wales. 
2.   The  Llanddlo  flags,  so  named  from   a  town 
in  CaermailJienshire,  foim  the  base  of  the  Silurian 
system,  consisting  of  dark-colored  mica<ieoiis  grit,  fre- 
quently calcareous,  and  distinguished  by  containing  the 
0^fffaBuoMi,Bnr-  large    trilobites   Asapktis    Buchii  and   A.    tyrrmnus, 
Syn-^sojAusSMtSii,  Murch.,  both  of  which  are  peculiar  to  these  rocks. 
ESo»t^  "^  Several  species  of  Graptolites  (fig.  430)  occur  in  these 

■  In  the  fine  shales  of  this  formation  Graptolit«a  are  very  abundant 
I  coOected  these  same  bodies  in  great  nuni- 
bem  in  Sweden  and  Norway  in  1835-6, 
both  in  the  higher  and  lower  shales  of  the 
Silurian  system ;  and  was  infoi-med  by 
Dr.  Beck  of  Copenhagen,  that  they  were 
fossil  zoophytes  related  to  the  genera  Pen- 
natula  and  Virgtilaria,  of  which  the  liv- 
ing species  now  inhabit  mud  and  slimy 
sediment.  The  most  eminent  naturalists 
still  hold  to  this  opinion. 

A  species  of  Idnffula  is  met  with  in 
the  lowest  part  of  the  Llandeilo  beds ; 
^''^S?ij%*;»^^wSfi?'^''°*^  ^"d  it  is  remarkable  that  this  brachiopod 
is  among  the  earliest,  if  not  the  most  an- 
cient animal  form  deteeted  in  the  lowest 
Silurian  of  North  America.  These  inhabitants  of  the  seas,  of  so  remote 
an  epoch,  belonged  so  strictly  to  the  living  genus  Idngula,  as  to  demon- 
strate, like  the  pterifonn  ferns  of  the  coal,  through  what  incalculable 
periods  of  time  the  same  plan  and  type  of  organization  has  sometimes 
prevailed. 

Among  the  forms  of  trilobite  extremely  characteristic  of  the  Lower 
Siluiian  throughout  Europe  and  North  America,  the  Trinucleus  may 
be  mentioned.  This  femiiy  of  crustaceans  appears  to  have  swarmed  in 
the  Silurian  seas,  just  as  crabs,  shrimps,  and  other  genera  of  crustaceans 


'le.  480,  a,  *.  Sraptol.. 

Flgi  4S1.    e.  foUaceia,  Murcbl 
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abound  in  onr  own.  Burmwstei',  in  tis  work  on  the  oigfinization.  of  tri- 
lobites,  supposes  them  to  have  swum  at  the  surface  of  the  water  in  the 
open  soa  and  near  coasts,  feeding  on  smaller  marine  animals,  and  to 
have  Lad  the  power  of  rolling  themselves  into  a  ball  as  a  defence  against 


injury.  Th^  underwent  various  transformations  analogous  to  those  of 
living  crustaceans.  M.  Barrande,  author  of  a  work  on  t£e  Silurian  rocks 
of  Bohemia,  has  traced  the  same  species  from  the  young  stats  just  after 
its  escape  fi'ora  the  egg  to  the  adult  form,  through  various  metamorphoses, 
each  having  the  appearance  of  a  distinct  species.  Yet,  notwithstanding 
the  numerous  species  of  preceding  naturalists  which  he  has  tJins  suc- 
ceeded in  uniting  into  one,  he  announces  a  forthcoming  work  in  which 
descriptions  and  figures  of  250  species  of  Trilobite  wil!  be  ^ven. 

Cystidcee. — Among  the  additions  which  recent  research  has  made  to 
tJie  paleontology  of  the  oldest  Silurian  rocks,  none  are  more  remarkable 
than  tie  radiated  animals  called  Gystidwe, 
Their  structure  and  relations  were  fiist  elu- 
cidated in  an  essay  published  by  Von  Buch 
at  Berlin  in  1845.  They  are  usually  met 
with  as  spheroidal  bodies  covered  with  po- 
lygonal plates,  with  a  mouth  on  tlie  upper 
side,  and  a  point  of  attachment  for  a  stem 
6  (which  is  almost  always  broken  off)  on 
the  lower.  (See  fig.  433.)  They  are  con- 
sidered by  Pro£  E.  Forb^  ^  intermediate 

between  the  crinoids  and  echinoderms.  The 

ft  ^"nt'ofattacbineiitorsifm.  Sphcsroniles  here  represented  (fig.  483) 
LoB-M  aUurisii,siioiB'8nootandBaig.  occur  in  the  Llandcilo  beds  in  Wales.* 

TMehriess  and  unconformabiUCi/  of  Silurian  strata. — Aecordini;  to 
the  observation  of  our  govemment  surveyors  in  North  Wales,  the 
Lower  Silurian  strata  of  that  T^on  attain,  in  conjunction  with  the  con- 

*  Quart.  Geiil,  Jouru,  vol.  ii.  p.  11 ;  and  Memoirs  of  GaoL  Survey,  voL  ii.  p.  61S. 
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temporaneous  volcanic  rocks,  the  extraordinary  thickness  of  27,000  feet. 
One  of  the  gi'oups,  called  the  trappean,  consisting  of  slates  and  associated 
volcanic  ash  and  greenstone,  is  15,000  feet  thick.  Another  series,  called 
the  Bala  group,  composed  of  slates  and  grits  with  an  impure  limestone 
rich  in  organic  remains,  ia  9000  feet  thick.* 

Throughout  North  Wales  the  'Wenlock  shales  rest  unoonformahly 
upon  the  Caradoc  sandstones ;  and  the  Oai'adoo  is  in  its  turn  unconform- 
able to  tlie  Llandeiio  heds,  showing  a  considerable  interval  of  time 
between  the  deposition  of  this  group  and  that  of  the  formations  next 
above  and  below  it.  The  Caradoc  sandstone  in  the  neighborhood  of  the 
Longmynd  Hills  in  Shropshire,  appears  to  Professor  E.  Forbes  to  have 
been  a  deep^ea  deposit  formed  around  the  margin  of  high  and  steep 
land.  That  land  consisted  pai'tJy  of  upriused  Llandeiio  flags  and  partly 
of  rocks  of  still  older  date.f 

Such  evidence  of  the  successive  disturbance  of  strata  during  the  Silu- 
rian period  ia  Great  Britain  is  what  we  might  look  for  when  we  have 
discovered  ihe  signs  of  so  grand  a  series  of  volcanic  eruptions  as  the 
contemporaneous  greenstones  and  tufis  of  the  Welch  mountains  afford. 

Silurian  Strata  of  the  United  States. 

The  position  of  some  of  these  strata,  where  fhey  are  bent  and  highly 
inclined  in  the  Appalachian  chain,  or  where  they  are  nearly  horiaontal 
fo  the  west  of  that  chain,  is  shown  in  the  section,  flg.  3V0,  p.  327.  But 
these  formations  can  be  studied  still  more  advantageously  north  of  the 
same  line  of  section,  in  the  states  of  New  York,  Ohio,  and  other  regions 
north  and  south  of  the  great  Canadian  lakes.  Here  they  aie  formd,  as 
in  Russia,  in  horizontal  position,  and  are  more  rich  in  weD-preserved 
fossils  than  in  almost  any  spot  in  Europe.  The  American  strata. may 
readily  be  divided  into  Upper  and  Lower  Silurian,  con'esponding  in  age 
and  fossils  to  the  European  divisions  bearing  the  same  names.  The 
subordinate  members  of  the  New  York  series  founded  on  litholo^cal 
and  geogi'aphical  considerations,  are  most  usefiil  in  the  United  Sfeites, 
but  even  there  are  only  of  local  importance.  Some  few  of  them,  how- 
ever, tally  very  exactly  with  English  divisions,  as  for  example  the  lime- 
stone, over  which  the  Niagara  is  precipitated  at  the  great  cataract,  which, 
with  its  underlying  shales,  agi'ees  paleontologically  with  the  "Wenlock 
limestone  and  shale  of  Siluria.  There  is  also  a  marked  general  coi'- 
respondence  in  the  succession  of  fossil  forms,  and  even  spedes,  as  we 
ti'ace  the  organic  remains  downwards  fi'om  the  highest  to  the  lowest  beds, 

Mr.  D.  Sharpe,  in  his  report  on  the  mollusca  collected  by  me  from 
these  stiata  in  North  America,!  ^^  concluded  that  the  number  of  spe- 
cies common  to  the  Silurian  rocks,  on  both  sides  of  the  Atiautic,  is 
between  30  and  40  per  cent. ;  a  result  which,  although  no  doubt  liable 
to  futiire  modification,  when  a  laiger  comparison  shall  have  been  made, 
proves,  nevertheless,  that  many  of  the  species  had  a  wide  geographical 

«  Quart.  OeoL  Jouto.  vol  iv.  p.  SOU.  \  IbiJ.  299.  f  Ibid,  145. 
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range.  It  seems  that  comparatively  few  of  the  gasteropoda  and  lamelK- 
branohiate  bivalves  of  North  America  can  be  identified  specifically  with 
European  fossils,  while  no  less  than  two-fifths  of  the  brachiopoda  are  the 
same.  In  explanation  of  these  iacta,  it  is  suggested,  that  most  of  the 
recent  brachiopoda  (especially  the  ortiidiform  ones)  are  inhabitants  of 
deep  water,  and  may  have  had  a  wider  geogi'apbieaJ  range  than  shells 
living  near  shore.  The  predominance  of  bivalve  mollusca  of  this  pecu- 
liar class  has  caused  the  Silurian  period  to  be  sometimes  styled  the  age 
of  brachiopods. 

Wlielker  the  Silurian  rocks  are  of  deep^malm-  origin. — He  grounds 
relied  upon  by  Professor  E.  Forbes,  for  inferring  that  fie  larger  part  of 
the  Silurian  Fauna  is  indicative  of  a  sea  more  than  ^0  fathoms  deep, 
are  the  following :  first,  the  small  size  of  the  greater  number  of  conchi- 
fei'a ;  secondly,  the  paucity  of  pectinibranchiata  (or  spiral  univalves) ; 
thirdly,  the  great  number  of  fioaters,  such  as  Bellm-ophm,  Orthoceras, 
&o. ;  fourthly,  the  abundance  of  orthidiform  brachiopoda ;  fifthly,  the 
absence  or  great  rarity  of  fossil  fish. 

It  is  doubtless  true  that  some  living  Terehratulce,  on  tJie  coast  of  Aus- 
tralia, inhabit  shallow  water ;  but  all  the  known  species,  alfied  in  foi-m 
to  the  extinct  Orthis,  inhabit  the  depths  of  the  sea.  It  should  also  be 
remai'ked  that  Mr.  Forbes,  in  advocating  these  views,  was  well  awMO  of 
the  existence  of  shores,  bounding  the  Silurian  sea  in  Shropshire,  and  of 
the  occurrence  of  littoral  species  of  this  early  date  in  the  northern  hem- 
isphere. Such  fa«ta  are  not  inconsistent  with  his  theory ;  for  he  has 
shown,  in  another  work,  how,  on  the  coast  of  Lycia,  deep-sea  strata  are 
at  present  forming  in  the  Mediterranean,  in  the  vicinity  of  high  and 
steep  land. 

Had  we  discovered  tke  ancient  delta  of  some  large  Silurian  river,  we 
should  doubtless  have  known  more  of  tJie  shallow,  and  brackish  water, 
and  fluviatile  animals,  and  of  the  terrestrial  flora  of  the  period  under 
consideration.  To  assume  that  there  were  no  such  deltas  in  the  Silurian 
world  would  be  almost  as  gi'atuitous  an  hypothesis,  as  for  the  inhabitants 
of  the  coral  islands  of  the  Pacific  to  indulge  in  a  similai-  generalization 
respecting  the  actual  condition  of  the  globe.* 

Mineral  Character  of  Silurian  Strata. 
In  fithologieal  character,  the  Silurian  strata  vary  greatly  when  we 
ti'ace  them  through  Europe  and  North  America.  The  shales  called  mud- 
stones  are  as  little  altered  irom  some  deposits,  found  in  recent  submarine 
banks,  as  are  those  of  many  tertiary  formations.  We  meet  with  red 
sandstone  and  red  marl,  with  gypsum  and  salt,  of  Upper  Silurian  date  in 
the  Niagara  district,  which  might  be  mistaken  for  trias.  The  whitish 
gcanular  sandstone  at  the  base  of  the  Silurian  series  in  Sweden  resem- 

*  Since  this  waa  written,  Mr.  Logan  has  discovered  chelonian  footprints  in  the 
lowest  fossiliferous  beds  of  the  SiJuviati  series,  near  Montreal,  in  Canadft.  Pro- 
fessor Owen  inclines  to  refer  them  to  the  genua  Emys, — Quart.  Jottrn.  G.  S.,  vol. 
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bles  the  tertiary  siliceous  grit  of  Fontainebleau.  Tke  Calcareous  Grit, 
oolite,  and  pisolite  of  Upper  Silurian  age  in  Gothlaud,  are  described  by 
Sir  R.  Murchison  aa  singularly  like  roots  of  tbe  oolitic  period  near  Chel- 
tenham, and,  not  fo  cite  more  examples,  the  Weiilock  or  Dudley  lime- 
stone often  resembles  a  modem  coral-reef.  If,  therefore,  uniformity  of 
aspect  has  been  thought  characteristic  of  rocks  of  this  age,  the  idea  must 
have  arisen  from  the  similarity  of  feature  acquired  by  strata  subject  to 
metamorphic  action.  This  influence,  seeing  that  the  causes  of  diange 
are  always  shifting  the  theatre  of  Iheir  piindpal  development,  must  be 
multiplied  throughout  a  wider  geographical  area  by  lime,  and  beconie 
more  general  in  any  given  system  of  rocks  in  proportion  to  their  anti- 
quity. We  are  now  acquainted  with  dense  gi'oups  of  Eocene  slates 
in  the  Alps,  which  were  once  mistaken  by  experienced  geologists  for 
Transition  or  Silurian  formations.  The  error  arose  irom  attaching  too 
great  importance  to  mineral  character  as  a  test  of  age,  for  the  tertiary 
slates  in  question  have  acquired  that  ciystaJline  textiire  which  is  m 
reality  most  prevalent  in  the  most  ancient  sedimentary  formations. 


Below  the  Silurian  strata  in  North  Wales,  and  in  the  region  of  the 
Cumberiand  lakes,  there  are  some  slaty  rocks,  devoid  of  organic  remmns, 
or  in  which  a  few  obscure  traces  only  of  fossils  have  been  detected  {for 
which  the  names  of  Cambrian  and  Cumbrian  have  been  proposed). 
Whether  these  will  ever  be  entitled  by  the  specific  distinctness  of  their 
fossils  to  rank  aa  independent  groups,  we  have  not  yet  sufficient  data  to 
determine. 


TABULAE   VIEW   OF   FOSSILIFEROUS   STRATA, 

Showing  tke  Order  of  Superpositim,  or  Chronological  Succession  of 

the  Principal  European  Groups. 

I.     POST-TERTIAEY. 
A.    FOST-PLIOCENB. 


Peat-moaseB  and  shell-mavl, ' 
withboaea  of  land-animals, 
human  reraains,  and  works 
of  ai't. 

Newer  parts  oT  modern  deltas 

and  coral  ree&. 
'  Clay,  mart,  and  volcaoic  tu£f 
of  iBchia,  p.  113. 

Loess  of  the  Rbioe,  p.  117. 

Newef  partof  boulder  forma- 
tion, with  erratics,  p.  124, 


of  living  species,  with  oi 
casional  human  remain 
and  works  of  art. 

All  the  sholls  of  living  spi 
ciea.    No  human  remf- 
or  works  of  art.     Bone 
quadrupeda,  partly  of 
tinct  apecies. 


of 
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II.    TEETIARY. 
B.    PLIOCENE. 


'  Boulder  formation  or  drift  of 

EortJiem  Europe  aad  North 

America,  chapa.  II  &  12. 

Cavern  deposits  and  osaeoua 

brecdas,  p.  153. 
Fluvio-marine   etag  of  For- 

widi,  p.  148. 
Limestono  of  Girgenti,  in  Si- 
.     cily,  P-  162. 


Three-fourtlis  of  the  fossil 
bIihBs  of  esialing  epooies. 

A  majority  of  tlie  mammalia 
extmct;  batthegeneracor- 
resptmding  with  those  now 
autviTing  m  the  flame  great 
geo^aphioal  aad  zool^ical 
province,  p.  ISl. 

During  part  of  this  period  ice- 
bergs frequent  in  the  aeasof 
the  norUiern  bemisphare, 
and  glaciers  on  hills  ot  mod- 
""''  height. 


C.    MIOCENE. 

{Faluns  of  Touraine,  p.  168. 
PartofBourdeauxtieds,p.l71. 
Part  of  Molasse  of  Switzer- 
land, p.  ni. 


o-thii-c 


dea  of  shells  i 

The  recent  species  of  shells 
often  not  found  in  the  ad- 
joining seas,  but  in  warmer 
latitudes. 

All  the  mammalia  extinct. 


6.  Upper  Eocoiie.    - 


7.  Middle  Eocene, 


D.     EOCENE. 
Upper  marine  of  Paris  basin,  Fon- ' 

tainebleau  sandstone,  p.  ITS, 
Upper  freshwater  and  millstone 

Kle jn  Spauwen  bods,  p,  116. 
Hermsdorf  tile-olay,  near  Berlm. 
Mayence  tertiary  strata,  p.  177. 
Freshwater  beds  of  Litnague  d'Au- 

Tergne,  p.  181, 
'Paris  gypsum  witli  Paleotlierium, 

Freshwater  andfluyio-marine  beds 

of  Headon  Hill,  Isle  of  Wight, 

p.  197. 
Bai'ton  beds,  Hants,  p.  188. 
Calcaire  Sroasier,  Paris,  p.  1S3. 
Bagshot  and  Bracklesham   beds, 

Surrey  and  Susses,  p,  193. 
London  clay  proper  of  Highgate 

Hill     and     Sheppey, — Bognor 

beds,  Sussex,  p.  200. 
Sables  inferieurs,  and  Me  eoquil- 

liers  of  Paris  laain,  p.  196, 
Mottled    and    plastic    days  and 

sands  of  the   Hampshire    and 

London  basins,  p.  203. 
Sables  inffirienrs  and  argiles  plas- 


p.205. 


■n  ofthe 


tinct.  Those  which 
are  identiSed  with 
living  speoiea,  rarely 
belong  to  neighboring 
regions. 

All  the  mammaliaof  ex- 
tmct  species,  and  the 
gi-eater  part  of  them 
of  extinct  genera. 

Plants  of  Upper  Eocene, 
indicating  a  south  Eu- 
ropean or  Mediterra- 
nean climate ;  those 
of  Lower  Eocene,  a 
tropical  diniate. 
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FOSSILIFEEOUS  STRATA. 


IIL    SECONDAEY. 

E.    CRETACEOUS. 


I  Uppbh  Cretaoeo 

Sample!. 

rYeUowish  wMte  limestone  of 
--     ■  ■  ■         "Oe. 

LoofFaxo 

[     Denmark,  p.  310. 

White   ehallt  with  flints     f 

North  and  South  Downs,— 

Surrey  and  Susses,  p.  21 1 

Chalk   without    fliuts,    aul 

cbalk  mar],  ibid. 
Looae  sand,  with  bright  green 

particles,  ibid. 
Firestone  of  Merstham,  Kent, 

p.  218. 

Marly  stone,  with  layers  of 

chert,flouth  of  Isleof  Wight 

( Dark  blue  insrl  at  base   of 

J      chalk    escarpment.— Kent 


IfmnBrons  extinct  genera  of 
coochiferous  cephalopoda. 
Hatnite,  Scaphite,  Ammo- 


gg  Lower  Cretaceous. 


14.    Lower  Green- 


White,  jellowieb,  aud  ferru-  | 
giiLous  sand,  with  eonere-  j 
tiona  of  hmestone  and  cliert, 
—Atherfield,  Isle  of  Wight. 

Limestone  called  KentishRag.  J 


Spedes  of  shells,  Ac,  nearly 
all  distinct  from  those  of 
Upper  Cretaceous ;  most 
of  the  genei-a  the  same. 


f  Clajw 


(  Sand  withcalcifecousgrit  and 
16.  Hastings  Sand,J      clay,  —  Haathigs,     Susaeic, 
(      Cuclrfield,  Kent,  p.  229. 


17.   Purbeck  Beds.] 


',  WEALDEN. 

^asional  bauds  of  (  Of  freshwater  origin.    Shells 

,      . .,— Weald  of  Kent,  \      of  pulmoniferous  mollusca, 

(  Surrey,and  Sussex,  p.  23'J.  (  and  of  Cypns,  land  reptile^ 
I  Freshwater  with  intercalated 
bed  of  brackish  and  salt 
water  orighi.  Shells  of  fluvi- 
atile  and  lacustrme  genera. 
Eeptiles  of  the  genera  Pto- 
rodactylo,  Ignaiiodon,  Me- 
galosauius,  Plesiosaurus, 
.^  Trionyx,  and  Emys. 
'Chiefly  freshwater,  and  divi- 
sible into  three  groups,  ea/jh 
containing  distinct  species 
of  I'reEh water  mollusca,  and 
of  entomostraea.  Alteroa^ 
tions  of  deposits  formed  in 
fresh,  brackish,  and  marine 
water,  and  of  ancient  soils 
formed  on  land  and  re- 
taiuingroots  of  trees.  Plants 
chiefly  cjcads  and  conifers, 
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TerMi  and  GroapB. 


19.  Middle  Oolite. 


80.  Iiowsr  Oolito. 


_  p.  2; 


TAEDLA]l   VIEW  OF 

G.  OOLITE. 

llxrimplEi 
I    building    stone, " 


i.  Portland  aand 

[1  Kimmeniij^e  clay,  Dorset 
shire,  p.  26U 

I.  Coral  Rag,  p  360  Cal 
careous  freestones  oolitic 
often  full  of  coralx  Ox 
focdeliire. 

b.  Oxford  ulay — Dark  blue 
clay,  —  Oifordshu'e  and 
midland  connties.  p.  S62. 

a.  Cornbrash  and  forest  mar- 
" "  i,  Wiltsbire,  p.  263. 

b.  Great  oolite  and  Stones- 
field  slate,— Bath,  Brad- 
ford,Stoneafield  near  ■Wood- 
stock, Oxfordshire,  p.  266. 

;.  Fuller's  earth,— Clay  con- 
taining fuller's  earth  near 
Bath,  p.  272. 

d.  Inferior  oolite,  calcareous 


nites  and  Belemnite.i 


No  cetaceans  yet  Jmown,  hut 


strial 


mammalia,  p.  267,  268. 
PrepMideraaee  of  ganoid 
fish.  The  plants  chiefly 
oycads,  conifera,  and  ferns, 
with  a  few  palms. 


( Argillaceoua  liniesljine,  marl  (  Molluscs,  reptiles,  and  iieh 
<  and  clay, — -Lyme  Regis,  J  of  goiiora  analogous  to  the 
(      Dorsetahire,  p.  273.  (      oolitic. 


r  Keuper  of  Germany,  or  ra- 
riegated  marls — Red,  gray, 
green,  blue,  and  white  marl? 
and  sandstones  with  gyp- 
sum— Wirtemberg,  bone- 
lied  of  Axmouth,  Doiset, 


Batrachian  reptjiea,  e-g.  La- 
byriiithodon.Rhyncosaurns, 
&e.  Ce^alopoda:  Cerati- 
tes.  No Belemnites. Plants: 
Ferns,  Cycads,  Conifers. 


gypsum, — North  of  Ger- 
many, p.  287.  Wanting  in 
England. 

Variegated  or  Bunter  sand- 
stone of  Qermana  —  Red 
and  white  spotted  sand- 
stone with  gypsum  and 
I      rock-salt,  p.  '238.  ; 

Part  of  New  Red  sandstone 
of  Cheshire  with  rock-sait, 
D.  284. 


IV.      PRIMARY. 
K.  PERMIAN. 

(Yellow  magnesian limestone, ' 
Yorkshire  and  Durham,  p. 
301. 
Zechsteiu  of  Thuringia,  Upper 
[IB]' t  of  Permian  bedB,Russia. 


I  With  Equisetites  and  Cak- 


Plants  different  for  the  most 
part  from  those  of  the 
Upper  Trias. 
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Ferioda  and  Gioops. 


FOSSILIFEBOUS   STRATA. 


andl 


h.  Lower  rfew  Ked  sandstone  Thecodont  aani'ims.  Hatero- 
of  north  of  England  and  V  eci'cal  fish  of  genus  Patoo- 
Ruthliegendea  of  Grcrniany.         maous,  ifeo. 

a,  and  b.  lower  part  of  Per- 
laiaa  beds,  EusBia,  p.  301.  J 


L,  CARB0NIFEE0U8, 

0,  Strata  of  sandstone  and' 
shale,  with  beds  of  coal, — 
S.  Wales  and  Noi-thiimber- 
land,  p.  309. 

h.  lILlUtone  grit,— S.  Wales, 
Bristol    ooal-field,     York- 

'  Carboniferous    or    mountain 
limestone,     with     marine 
shells  and  corals. 
Mendip  Hills,  and  many  parts 
of  Ireland,  p.  HiO. 


Great  thiolmess  of  etrata  of 
flurio-morine  origin,  with 
beds  of  coal  of  vegetable 
ori^n,  based  on  soils  re- 
taining the  roots  of  trees. 

Oldest  of  known  reptiles  orAr- 
thegosaurus.    Saviroid  fisJi. 

Srachiopodn  of  genus  Pro- 
ductus. 

Cephalopoda  of  genera  Oyrto- 
ceras,6on)atite,  Ortbocems. 

Cmstnoeans  of  the  genus  Fhil- 

Crinoidians  abundant. 


a.  Yellow  sandstone  of  Dura 
Den,  Fife. 

b.  Red  sandstone  and  marl 
withcomstooeofHeiefofd- 
shire  and  Forfarsliire. 

Paving  and  roofing  stone,  For- 
far^ire. 

Upper  pai't  of  Devonian  beda 
of  South  Devon. 

Gray  sandstone  with  Icbthyo-' 
lites, — Caithness,  Cronmi- 
ty,  and  Orkney,  Lower  part 
of  Devonian  beds  of  South 
Devon,  and  green  chloritic 
slates  of  Comwafl,  lime- 
stone of  Gerolatciii,  Eifel, 

N.  SILURIAN. 

a.  Tilestone  of   Brecon  and 

Caennarthen. 
.  Limestone  and  shale.  Lad* 

low,  Shropshire, 
.  Wenlock  or  Dudley  lime- 


32,  Lower  Si-        I  i.  Llaudeilo  flags,  calcareous_ 
lurian.        )      fags  and  schists, — Bniltb,' 
lladnorshire,       LlandeQo, 
Caennartheushirc 


Tribe  of  flsh  with  hard  cover- 
ings like  chelonians,  Pteric- 
Ihys,  Pamphractua,  ifec ; 
also  of  genera  Cephalaspis, 
Holoptichius,  &e. 

No  reptiles  yet  known. 


Fish,  parM^  of  same  genera, 
but  of  distinct  species  Irom 
those  in  Upper  Devonian  ; 
also  Osteolepie,  Ooccosteue, 
Glyptolepis,  Dipterus,  &c 


Oldest  of  fossil  fisli  yet  dia- 

Trilobites    and    Graptolitea 
abundant. 

Bi'ftchiopoda  very  numerous. 

Cephalopoda ;     Bollerophon, 

Ortlioceraa. 
'  Same  genera  of  invertebrate 
animals  as  in  Upper  SQu- 
rian,  but  spcies  chiefly 
distinct.  Trinucleus  carao- 
taci,  Cystidete,  p.  S68. 

No  land  plants  yet  known. 

Footprints    of   tortoise,    see 
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TliAP    EOCKS. 


ciiAFrER  xxvni, 


Trap  rodks — Name,  whence  derived — Their  igneoos  origm  at  first  donbted — Their 
general  appearance  and  character — Volcanic  cones  and  craters,  how  formed — 
Mineral  composition  and  testure  of  Tolcaaia  rocks — Varieties  of  felspar — 
Hornblende  and  augite — iBOmorphism — Rock^  how  to  be  atudiad— Basalt, 
greenstone,  Irachyt^  porphyry,  aooria,  amygdaloid,.  lava,  tuff— Alphabetical 
list,  and  esplaoation  of  names  and  synonyms,  of  Tolcanic  rocks — Table  of  the 
analyses  of  minerals  most  abundant  in  the  volcanic  and  bjpogene  rooks. 
The  aqueous  or  fossilifei'ous  rocks  having  now  been  described,  we  have 
next  to  examine  those  which,  may  he  called  volcanic,  in  the  most  ex- 
tended sense  of  that  term.     Suppose  a  «  in  the  annexed  diagram,  to 


represent  the  crystalline  formations,  such  as  the  granitic  and  metamorphie ; 
J  b  the  fossiliferous  strata ;  and  o  c  tke  volcanic  rocks.  These  last  are 
sometimes  found,  as  was  explained  in  the  first  chapter,  breaking  through 
a  and  b,  sometimes  overlying  both,  and  occasionally  alternating  with  the 
strata  b  b.  They  also  are  seen,  in  some  instances,  to  pass  insensibly  into 
the  unstratified  division  of  a,  or  the  Plutonic  rocks. 

When  geologists  first  began  to  examine  attentively  the  structnre  of 
the  northern  and  western  parts  of  Europe,  they  were  almost  entirely 
Ignorant  of  the  phenomena  of  existing  volcanoes.  They  also  found 
certMn  todka,  for  the  most  part  without  stratification,  and  of  a  peculiar 
mineral  composition,  to  which  tliey  gave  different  names,  such  as  basalt, 
greenstone,  porphyry,  and  amygdaloid,  All  these,  which  were  recog- 
nized as  belonging  to  one  family,  were  called  "trap"  by  Bergmann, 
fi'om  tra})pa,  Swedish  for  a  flight  of  steps — a  name  since  adopted  very 
generally  into  the  nomenclature  of  the  science;  for  it  was  observed 
that  many  rocks  of  this  class  occiured  in  great  tabular  masses  of 
unequal  extent,  so  as  to  form  a  succession  of  terraces  or  steps  on 
the  sides  of  hills.  This  configuration  appears  to  be  dei'ived  from 
two  causes.  First,  the  abrupt  original  terminations  of  sheets  of  melted 
matter,  which  have  spread,  whether  on  the  land  or  bottom  of  the 
sea,  over  a  level  surface.  For  we  know,  in  the  case  of  lava  flowing 
from  a  volcano,  that  a  stream,  when  it  has  ceased  to  flow,  and  grown 
solid,  very  commonly  ends  in  a  steep  slope,  as  at  a,  Jig.  435.  But 
secondly,  the   step-like   appearance  arises   more  frequently  from  the 
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Ffg-  *3S-  mode  ia  which  horizontal  masses  of  igneous 

rock,   such    as   6   c,   intercalated  hetween 
aqueous  strata,  have,  subsec^aeDtly  to  their 
origin,  been  exposed,  at  different  heights, 
by  denudation.     Such  an  outline,  it  is  trae, 
is  not  peculiar  to  trap  rocts ;  great  beds  of 
limestone,  and  other  hard  kinds  of  stone, 
Biep-uKe  app«irMc6  ur  trap.         ^^^^  pKsenting  similar  terraces  and  preci- 
pices ;  but  these  iu-e  usually  on  a  smaller  scale,  or  less  numerous,  than 
the  volcanic  sl^s,  or  form  less  decided  features  in  the  landscape,  as  be- 
ing less  distinct  in  strnctitfe  and  compoation  from  the  associated  rocks. 

Although  the  characters  of  trap  rocks  are  greatly  diversified,  the 
beginner  will  easily  learn  to  disfingtush  them  as  a  class  from  the 
aqueous  formations.  Sometimes  they  present  themselves,  as  already 
stated,  in  tabular  masses,  which  are  not  divided  into  strata :  sometimes 
in  shapeless  lumps  and  irregular  cones,  forming  chains  of  small  hills. 
Often  they  are  seen  in  dikes  and  wall-like  masses,  intersecting  fossilifer- 
ous  beds.  The  rock  is  oec^ionally  found  divided  into  columns,  often 
decomposing  into  balls  of  various  sizes,  from  a  few  inches  to  several  feet 
in  diameter.  The  decomposing  surface  very  commonly  assumes  a  coat- 
ing of  a  rusty  iron  .color,  from  the  oxidation  of  ferruginous  matter,  so 
abundant  in  the  traps  in  which  augite  or  hornblende  occur ;  or,  in  the 
felspathic  varieties  of  trap,  it  acquires  a  white  opake  coating,  ft'om  the 
bleaching  of  the  minei'al  called  felspar.  On  examining  any  of  these 
volcanic  rocks,  where  they  have  not  suffered  disintegration,  we  rarely  fiul 
to  detect  a  crystalhne  arrangement  in  one  or  more  of  the  component 
minerals.  Sometimes  the  texture  of  the  mass  is  cellular  or  porous,  or  we 
perceive  that  it  has  once  been  fuU  of  pores  and  cells,  which  have  after- 
wards become  filled  with  carbonate  of  lime,  or  other  infiltrated  mineral. 
Most  of  the  volcanic  rocks  produce  a  fertile  soil  by  their  disintegra^ 
tion.  It  seems  tliat  their  component  ingredients,  silica,  alumina,  lime, 
potash,  iron,  and  the  rest,  are  in  proportions  well  fitted  for  vegetation. 
As  they  do  not  effervesce  with  acids,  a  deficiency  of  calcareous  matter 
might  at  first  be  suspected ;  but  although  the  carbonate  of  Ume  ia  rare, 
except  in  the  noduies  of  amygdaloids,  yet  it  will  be  seen  that  lime  some- 
times enters  lai'gely  into  the  composition  of  augite  and  hornblende. 
(See  Table,  p.  377.) 

Cones  and  Craters. — In  regions  where  the  eruption  of  volcanic  matter 
has  taken  place  in  the  open  air,  and  where  the  surface  has  never  since 
been  subjected  to  great  aqueous  denudation,  cones  and  craters  constitute 
the  most  striking  peculiarity  of  this  class  of  foimations.  Many  hundreds 
of  these  cones  are  seen  in  central  Fi'ajice,  in  the  ancient  provinces  of 
Auvergne,  Velay,  and  Vivarais,  where  they  observe,  for  the  most  part, 
3  linear  arrangement,  and  form  chains  of  hills.  Although  none  of  the 
eiTiptions  have  happened  within  the  historical  era,  the  streams  of  lava 
may  still  be  traced  distinctly  descending  from  many  of  the  craters,  and 
following  the  lowest  levels  of  the  existing  valleys.     The  origin  of  the 
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Fart  or  the  eh^  of  extinet  TOlimioes  otUed  the  Honta  Dome,  AiiTei^e. 


cone  and  crater-shaped  hill  is  well  understood,  the  growth  of  many 
having  been  waf«hed  during  volcanic  eraptions.  A  chasm  or  fissnre 
first  opens  in  the  earth,  from  which  great  volumes  of  steam  and  other 
gases  are  evolved.  The  explosions  we  so  violent  as  to  hurl  iip  into  the 
air  fcagmenfcs  of  broken  stone,  parts  of  which  are  shivered  info  minute 
atoms.  At  the  same  time  melted  sfone  or  lava  nsuaJly  ascends  through 
the  chimney  or  vent  by  which  the  gases  mate  their  escape.  Although 
extremely  heavy,  this  lava  is  forced  up  by  the  expansive  power  of  en- 
tangled gaseous  fluids,  chiefly  steam  or  aqueons  vapoi',  exactly  in  the 
same  manner  as  water  is  made  to  boil  over  the  edge  of  a  vessel  when 
steam  has  been  genei'ated  at  the  bottom  by  heat  Lai^e  quantities  of 
the  lava  are  also  shot  up  into  the  air,  where  it  separates  into  fi'agments, 
and  acquires  a  spongy  texture  by  the  sudden  enlargement  of  the  included 
gases,  and  thus  forms  scoriw,  other  portions  being  I'cdnced  to  an  impal- 
pable powder  or  dust.  The  showering  down  of  the  various  ejected  ma- 
terials round  the  orifice  of  eruption  gives  rise  to  a  conical  mound,  in 
which  the  successive  envelopes  of  sand  and  scorise  form  layers,  dipping 
on  all  sides  from  a  central  asis.  In  the  mean  time  a  hollow,  called  a 
crater,  has  been  kept  open  in  the  middle  of  the  mound  by  the  continued 
passage  upwards  of  steam  and  other  gaseous  fluids.  The  lava  sometimes 
flows  ovei'  the  edge  of  the  crater,  and  thus  thickens  and  strengthens  the 
sides  of  the  cone ;  but  sometimes  it  breaks  it  down  on  one  side,  and 
often  it  flows  out  from  a  fissnre  at  the  base  of  the  biU  (see  fig.  436}  * 

Composition  and  wymeadatwre. — Before  speaking  of  the  connection 
between  the  products  of  modem  volcanoes  and  the  rocks  usually  styled 
trappean,  and  before  describing  the  estei-nal  forms  of  both,  and  the 
manner  and  position  in  which  they  occur  in  the  earth's  crust,  it  will  be 
dearable  fo  treat  of  their  mineral  composition  and  names.  The  varieties 
most  frequently  spoken  of  are  basalt,  gi-eenstone,  clinkstone,  claystone, 
and  trachyte ;  wh^e  those  founded  chiefly  on  pecuUarities  of  texture,  are 
porphyry,  amygdaloid,  lava,  tnffj  scorise,  and  pumice.  It  may  be  stated 
generally,  that  all  these  are  mainly  composed  of  two  minerals,  or  families 
of  simple  minerals,  fehfwr  and  Iwmhleide ;  some  almost  entirely  of 
hornblende,  others  of  felspar. 

These  two  minerals  may  be  regarded  as  two  gi'oups,  rather  than 

*  For  a  description  and  tbeovj  of  active  volcsmoea,  ace  Principles  of  Ocology, 
chaps,  x^v.  to  xzvii. 
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apeeies.  Felspar,  for  example,  may  be,  first,  common  felspar,  that  is  lo 
say,  potasli-felspar,  la  which  the  alkali  ia  potash  (see  table,  p.  377.) ;  or, 
secondly,  alhite,  that  is  to  say,  soda-fclspar,  where  the  alkali  is  soda  in- 
stead of  potash ;  or,  thirdly,  Labrador-felspar  (Labradorite),  which  differs 
not  only  in  its  iridescent  hues,  but  iJso  in  its  angle  of  fracture  or  cleav- 
age, and  its  composition.  We  also  read  mucli  of  two  other  kinds,  called 
glassy  felspar  and  compact  felspar,  which,  however,  cannot  rani  as  varie- 
ties of  equal  importance,  for  both  the  albitie  and  common  felspar  appear 
sometimes  in  transparent  or  glamy  crystals ;  and  as  to  compact  felspar,  it 
is  a  compound  of  a  less  definite  nature,  sometimes  containing  both  aoda 
and  potash ;  and  which  might  be  called  a  felspathic  paste,  being  the  re- 
siduary matter  after  portions  of  the  original  matrix  have  crystallized. 

The  other  group,  or  homhlende,  consists  principally  of  two  varieties ; 
first,  hornblende,  and,  secondly,  augite,  ■which  were  once  regarded  as 
very  distinct,  although  now  some  eminent  mineralogists  are  in  doubt 
whether  they  are  not  one  and  the  same  mineral,  differing  only  as  one 
crystalline  form  of  native  sulphur  differs  from  another. 

The  history  of  the  changes  of  opinion  on  this  point  is  curious  and 
instinctive.  Werner  first  distinguished  augite  from  hornblende;  and 
his  proposal  to  separate  them  obtMned  afterwards  the  sanction  of  Haiiy, 
Mohs,  and  other  celebrated  mineralo^sts.  It  was  agreed  that  the  form 
of  tho  crystals  of  the  two  species  were  different,  and  their  structure,  as 
shown  by  cleavage,  that  is  to  say,  by  breaking  or  cleaving  the  mineral 
with  a  chisel,  or  a  blow  of  the  hammer,  in  the  direction  in  which  it  yields 
most  readily.  It  was  also  found  by  analjrais  that  augite  usually  contained 
more  lime,  less  alumina,  and  no  fluoiio  acid ;  which  last,  though  not  al- 
ways found  in  hornblende,  often  enters  into  its  composition  in  minute 
quantity.  In  addition  to  these  characters,  it  was  remarked  as  a  geolo- 
gical fact,  that  augite  and  hornblende  are  very  rarely  associated  together 
in  the  same  rock ;  and  that  when  this  happened,  as  in  some  lavas  of 
modem  date,  the  hornblende  occurs  in  the  mass  of  the  rooit,  where 
crystallization  may  have  taken  place  more  slowly,  while  the  augite  merely 
lines  cavities  where  the  crystals  may  have  been  produced  rapidly.  It 
was  also  remarked,  that  in  the  orystaUine  slags  of  furnaces,  augitic 
forms  were  frequent,  the  hornblendio  entirely  absent;  hence  it  was  con- 
jectured that  hornblende  might  be  the  resiilt  of  slow,  and  au^te  of 
rapid  cooling.  This  view  was  confirmed  by  the  fact,  that  Mitscherlich 
and  Berthier  were  able  to  make  augite  artificially,  but  could  never  suc- 
ceed in  forming  hornblende  Lastly  Gustavus  Kose  fused  a  mass  of 
ho  nblenle  n  a  jotcel-un  furnace  and  founl  that  t  1  d  not  on  cool  ng 
jsfc  me  ta  p  e  ous  shape  1  ut  nvinablv  t  ok  that  of  ugite  The 
same  m  neralog  st  ob  erved  ceria  n  crystals  n  rocks  from  S  be  ■>  wh  ch 
presented  a  ho  nblende    lea  aje  wh  le  they  hal  the  external  f  rm  of 

Tf  tr  n  fhcte  data  t  s  infened  that  tl  o  same  •<  bstance  may  as- 
sun  e  the  crvatall  ne  fo  m  of  h  nl  len  1  or  a  g  fe  nd  fferently  a  cor  I 
mg  to  the  m    e  or  le       ap  d  oo  1  ng    f  the  melte  1  uas      t  s  ne  erthe 
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lees  certain  that  the  Tariety  commonly  calied  angite,  and  recognised  by 
a  peculiar  crystalline  form,  has  usually  more  lime  in  it,  and  less  alumina, 
than  that  called  hornblende,  although  the  quantities  of  these  elements 
do  not  seem  to  be  always  the  same.  Unquestionably  the  facts  and  ex- 
periments above  mentioned  show  the  very  near  affinity  of  hornblende 
and  augite ;  but  even  the  convertibility  of  one  into  the  other  by  melt^ 
ing  and  recryatallizing,  does  not  perhaps  demonstrate  their  absolute 
identity,  For  there  is  often  some  portion  of  the  materials  in  a  crystal 
which  are  not  in  perfect  chemical  combination  with  the  rest.  Car- 
bonate of  lime,  for  example,  sometimes  carries  with  it  a  considerable 
quantity  of  siles  into  its  own  form  of  crystal,  the  silei  being  mechani- 
cally mised  as  sand,  and  yet  not  preyenting  the  carbonate  of  lime  from 
assuming  the  form  proper  to  it.  This  is  an  extreme  case,  but  in  many 
others  some  one  or  more  of  the  ingredients  in  a  crystal  may  be  excluded 
from  perfect  chemical  union;  and,  after  fusion,  when  the  mass  reorjs- 
fallizes,  the  same  elements  may  combine  perfectly  or  in  now  propor- 
tions, and  thus  a  new  mineral  may  be  produced.  Or  somo  one  of  the 
gaseous  elements  of  the  atmosphere,  the  osygen  for  example,  may,  when 
the  melted  matter  i-econsolidates,  combine  with  some  one  of  the  compo- 
nent elements. 

The  different  quantity  of  the  impurities  or  refuse  above  alluded  to, 
which,  may  occur  in  all  but  the  most  transparent  and  perfect  crystals, 
may  partly  explain  the  discordant  results  at  which  experienced  chemists 
have  arrived  in  their  analysis  of  the  same  minei-al.  For  the  reader  will 
find  that  a  minei-al  determined  to  be  the  same  by  its  physical  chaa^ters, 
crystalline  form,  and  optical  properties,  has  often  been  declared  by  skil- 
ful analyzers  to  be  composed  of  distinct  elements.  (See  the  table  at 
p.  377.)  This  disagreement  seemed  at  first  subversive  of  the  atomic 
theory,  or  the  doctrine  that  there  is  a  fixed  and  constant  relation 
between  the  crystalline  form  and  structure  of  a  mineral,  and  its  chemi- 
cal composition.  The  apparent  anomaly,  however,  which  threatened  to 
throw  the  whole  seiencts  of  mineralogy  into  confusion,  was  in  a  great 
degree  reconciled  to  fixed  principles  by  the  discoveries  of  Professor 
Mitscherlioh  at  Berlin,  who  ascertained  that  the  compoation  of  the 
minerals  which  had  appeared  so  variable,  was  governed  by  a  general  law, 
to  which  he  gave  the  name  of  isomorphimi  (from  «H>f ,  isos,  equal,  and 
fuip^flj,  mojyAc,  form).  According  to  this  law,  the  ingredients  of  a  given 
species  of  mineral  are  not  absolutely  fixed  as  to  their  kind  and  quality; 
but  one  ingredient  may  be  replaced  by  an  equivalent  portion  of  some 
analogous  ingredient.  Thus,  in  au^te,  the  lime  may  be  in  part  re- 
placed by  portions  of  protoxide  of  iron,  or  of  manganese,  while  the 
form  of  tho  crystal,  and  the  angle  of  its  cleavage  planes,  remain  the 
same.  These  vicarious  substitutions,  however,  of  particular  elements 
cannot  exceed  certain  defined  limits. 

Having  been  led  into  this  digression  on  the  recent  progress  of  mine- 
ralogy, I  may  here  observe  that  the  geological  student  must  endeavour 
as  soon  as  possible  to  familiarize  himself  with  the  characters  of  five  at 
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least  of  the  most  abundant  simple  minerals  of  which  rooks  are  com- 
posed. ^  These  are,  felspar,  (jiiarfa,  mica,  hornblende,  and  carbonate  of 
lime.  This  knowledge  cannot  be  acquired  from  books,  but  requires 
personal  inspection,  and  tho  aid  of  a  teacher.  It  is  well  to  accustom 
the  eye  to  know  the  appearance  of  roeks  nnder  the  lens.  To  leam  to 
distinguish  felspar  from  quartz  is  the  most  important  step  to  be  first 
aimed  at.  In  general  we  maj  know  the  felspar  because  it  can  be 
scratched  with  tho  point  of  a  knife,  whereaa  the  quaria,  from  its  exti'eme 
hardness,  receives  no  impression.  But  when  these  two  minerals  occur 
in  a  granular  and  nncrystallined  state,  the  young  geolo^st  must  not  be 
discouraged  if,  after  considerable  practice,  he  often  fiuls  to  distinguish 
them  bj  the  ej-e  alone.  If  the  felspar  is  in  crystals,  it  is  easily  recog- 
nized by  its  cleavage :  but  when  in  grains  the  blow-pipe  must  be  nsed, 
for  the  edges  of  the  grains  can  be  rounded  in  the  flame,  whereas  those 
of  quartz  are  iniiisible.  If  the  geologist  is  desirous  of  distinguishing 
the  three  varieties  of  felspar  above  enumerated,  or  hornblende  from 
aogite,  it  will  often  be  necessary  to  use  the  reflecting  goniometer  as  a  tost 
of  the  angle  of  cleavage,  and  shape  of  the  crystal.  The  use  of  this  in- 
strument will  not  be  found  difficult. 

The  external  chaiactei's  and  composition  of  the  felspars  arc  extremely 
different  from  those  of  augite  or  hornblende ;  so  that  the  volcanic  rocks 
in  which  either  of  these  minerals  decidedly  predominates,  are  easOy  re- 
cognised. But  there  are  mixtures  of  the  two  elements  in  every  possible 
proportion,  the  mass  being  sometimes  esolosively  composed  of  felspar, 
at  other  times  solely  of  au^te,  or,  again,  of  both  in  equal  quantities. 
Occasionally,  the  two  extremes,  and  all  the  intermediate  gradations,  may 
be  detected  in  one  continuous  mass.  Nevertheless  there  are  certain  va- 
rieties or  compounds  which  prevail  so  largely  in  nature,  and  preserve  so 
much  uniformity  of  aspect  and  composition,  that  it  is  useful  in  geology 
to  regard  them  as  distinct  rocks,  and  to  assign  names  to  them,  such  as 
basalt,  greenstone,  kachyte,  and  others,  already  mentioned. 

Basalt. — As  an  example  of  rocks  in  which  augite  greatly  prevails, 
basalt  may  first  be  mentioned.  Although  we  are  more  famOiar  with 
this  term  than  with  that  of  any  other  kind  of  trap,  it  is  difScult  to 
define  it,  the  name  having  been  used  go  vaguely.  It  has  been  very 
generally  applied  to  any  trap  rock  of  a  black,  bluish,  or  leaden-grey 
colour,  having  a  uniform  and  compact  texture.  Most  strictly,  it  con- 
sists of  an  intimate  mixture  of  augite,  felspar,  and  iron,  to  which  a  min- 
eral of  an  olive  groen  colour,  called  olivine,  ia  often  superadded,  in. 
distinct  grains  or  nodular  masses.  The  iron  is  usually  magnetic,  and 
is  often  accompanied  by  another  metal,  titanium.  Augite  is  the  pre- 
dominant mineral,  the  felspar  being  in  much  smaller  proportions.  There 
is  no  doubt  that  many  of  the  fine-grained  and  dark-coloured  ti'ap  rooks, 
called  basalt,  contained  hornblende  in  the  place  of  augito;  but  this  will 
be  deemed  of  small  importance  aft«r  the  remarks  above  made.  Other 
minerals  are  occasionally  found  in  basalt ;  and  this  rock  may  pass  in- 
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sensibly  into  almost  every  variety  of  ti'ap,  especially  into  greenstone, 
clinkstone,  and  wadk6,  wiioli  will  be  presently  doacribed. 

Greenstone,  or  Dolerite,  is  usually  defined  as  a  granular  rock,  t!ie  con- 
stituent parts  of  which  are  hornblende  and  imperfectly  crystallized  fel- 
spar; the  felspar  being  more  abvmdant  than  in  basalt;  and  the  gr^ns 
or  crystals  of  the  two  minerals  more  distinct  from  each  other.  This 
name  may  also  be  extended  to  those  rocks  in  which  augite  is  substituted 
for  hornblende  (the  dolorite  of  some  authors),  or  to  those  in  which  albite 
replaces  common  felspar,  forming  tJie  rock  sometimes  called  Andesite. 

Syenitic  gremstone. —  The  highly  crystalline  compounds  of  the  same 
two  minerals,  felspar  and  hornblende,  haying  a  granitiform  texture,  and 
with  occasionally  some  quarts  accompanying,  may  be  called  Syenitic 
greenstone,  a  rock  which  frequently  passes  into  ordinary  trap,  and  as 
frequently  into  granite. 

Tmchi/le. — A  porphyritic  rock  of  a  whitish  or  greyish  colour,  com- 
peted principally  of  glassy  felspar,  with  crystals  of  the  same,  get 
with  some  hoiikblende  and  some  titaniferous  iron.  In  compositioi 
extremely  different  from  basalt,  this  being  a  felspathic,  as  the  other  is 
an  augitic,  rock.  It  has  a  pecidiar  rough  feel,  whence  the  name  *paaw, 
trackus,  rough.  Some  varieties  of  trachyte  contain  crystals  of  quartz. 
Porphyry  is  merely  a  certain  form  of  rock,  very  characteristic  of 
Big.  437.  the  volcanic  formafions.     When  distinct 

ci^stals  of  one  or  more  minerals  are  scat- 
tered through  an  earthy  or  compact  base, 
the  rock  is  termed  a  porphyry  (see  flg. 
437).  Thus  trachyte  is  porphyritic;  for 
in  it,  as  in  many  modern  lavas,  there  are 
crystals  of  felspar;  but  in  some  porphy- 
ries the  crystals  are  of  augite,  olivine,  or 
other  minerals.  If  the  base  be  green- 
stone, basalt,  or  pitchstone,  the  rook  may  be 
denominated  greenstone-porphyry,  pitch- 
Porpujrj.  stonc-porphytT,  and  so  forth. 

Whlta  crysUils  nf  felapar  in  a  dark  *    S,-t       oil-    ■      i  j.\.      c 

base  of  bornnientie  tmd  fcispar.  Amygdaloid. — This  js  also  another  form 
of  igneous  rock,  admitting  of  every  variety  of  composition.  It  compre- 
hends any  rock  jn  which  round  or  almond-shaped  nodules  of  some  mine- 
ral, such  as  agate,  calcedony,  calcareous  spar,  or  zeolite,  are  scattered 
through  a  base  of  wackS,  basalt,  greenstone,  or  other  kind  of  trap.  It 
derives  its  name  from  the  Greek  word  amygdala,  an  almond.  The 
ori^  of  this  structure  cannot  be  doubted,  for  we  may  trace  the  process 
of  its  formation  in  modern  lavas.  Small  pores  or  ceils  ai'C  caused  by 
bubbles  of  steam  and  gas  confined  in  the  melted  matter.  After  or  dur- 
ing consolidation,  these  empty  spaces  are  gi-adually  filled  up  by  matter 
separating  from  the  ma.ss,  or  infiltered  by  water  permeating  the  rock. 
As  these  bubbles  have  been  sometimes  lengthened  by  the  flow  of  the 
lava  before  it  finally  cooled,  the  contents  of  such  cavities  have  the  form 
of  almonds.     In  some  of  the  amygdaSoidal  traps  of  Scotland,  where 
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tile  nodules  have  decomposccl,  the  empty  cells  are  seen  to  have  a  glazed 
or  vitreous  coating,  aDd  in  this  respect  esactly  resemhle  scoriaoeous  lavas, 
or  the  slaga  of  furnaces. 

The  annexed  figure  rcpresentB  a 
fragment  of  stone  faten  from  the  up- 
per part  of  a  sheet  of  hasaltic  lava  in 
Auvcrgne.  One  half  is  scoriaoeous, 
the  pores  heing  perfectly  empty ;  the 
other  part  is  amygdaloidal,  the  pores 
or  cells  being  mostly  filled  up  with 
carhonate  of  lime,  forming  white  ker- 
nels. 

Scorise  and  Pwmicc  may  nest  he 
mentioned  as  porous  rocks,  produced 
by  the  action  of  gases  on   materials 
melted  by  volcanic  heat.     Sconee  are 
Scoiiactous  lavs  in  part  ffinvurttd  into  on  usually  of  a  reddish-browE  and  black 
Moni^ne  dc  In,  vdiic,  pepaitment  of  Puy  colouT,  and  are  the  cindcrs  and  slags 
flo  Dome,  sranee.  gf  basaltic  or  auntie  lavas.     Pwmice 

is  a  light,  spongy,  fibrous  substance,  produced  by  the  action  of  gases  on 
trachytie  and  other  lavas ;  the  relation,  however,  of  its  origin  to  the  com- 
position of  lava  is  not  yet  well  understood.  Von  Bucb  says  that  it 
never  occurs  where  only  Labrador-felspar  is  present. 

Lava. — This  term  has  a  somewhat  vague  signification,  having  been 
applied  to  all  melted  matter  observed  to  flow  in  streams  from  volcanic 
vents.  "When  this  matter  consolidates  in  the  open  air,  the  upper  pai-t 
is  usually  scoriaceous,  and  the  mass  becomes  more  and  more  stony  as 
we  descend,  or  in  proportion  as  it  has  consolidated  more  slowly  and  under 
greater  pressure.  At  the  bottom,  however,  of  a  stream  of  lava,  a  small 
portion  of  seoriaceous  rock  very  frequently  occurs,  formed  by  the  first 
thin  sheet  of  liquid  matter,  which  often  precedes  the  main  current,  or 
in  consequence  of  the  contact  with  water  in  or  upon  the  damp  soil. 

The  more  compact  lavas  are  often  porphyritic,  but  even  the  seoriaceous 
part  sometimes  contains  imperfect  crystals,  which  have  been  derived  from 
some  older  rooks,  in  which  the  crystals  pre-existed,  but  were  not  melted, 
as  being  more  inftisible  in  their  nature. 

Although  melted  matter  rising  in  a  crater,  and  even  that  which  enters 
rents  on  the  side  of  a  crater,  is  called  lava,  yet  this  term  belongs  more 
properly  to  that  which  has  flowed  either  in  the  open  air  or  on  the  bed 
of  a  lake  or  sea.  If  the  same  fluid  has  not  reached  the  surface,  but  has 
been  merely  injected  into  fissures  helow  ground,  it  is  called  trap. 

There  is  every  variety  of  composition  in  lavas;  some  are  trachytie,  as 
in  the  Peak  of  Teneriffe ;  a  great  number  are  basaltic,  as  in  Vesuvius 
and  Auvergne;  others  are  Andesitic,  as  those  of  Chili;  some  of  the 
most  modem  in  Vesuvius  consist  of  green  augite,  -and  many  of  those  of 
Etna  of  augite  and  Labrador-felspai-.* 

*  6.  Rose,  Ann.  des  Mines,  torn.  viii.  p.  32, 
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Trap  tuff,  volcanie  tuff  —  Small  angular  fragments  of  tlie  aoorije 
and  pumice,  above  mentioned,  and  the  dust  of  t!ie  same,  produced  by 
volcanic  explosions,  form  the  tufis  which  abound  in  all  regions  of  active 
volcanos,  where  showers  of  these  materials,  together  with  small  pieces 
of  other  rocks  ejected  from  the  crater,  fall  down  upon  the  land  or  into 
the  sea.  Here  they  often  become  mingled  with  shells,  and  are  strati- 
fied. Such  tufis  are  sometimes  bound  together  hy  a  calcareous  cement, 
and  form  a  stone  susceptible  of  a  beautiful  polish.  But  even  when  little 
or  no  lime  is  present,  there  is  a  gi-eat  tendency  in  the  materials  of  ordi- 
nary tufls  to  cohere  together. 

Besides  the  peculiai'ity  of  their  composition,  some  tufls,  or  volcanic 
grits,  as  they  have  been  termed,  differ  from  ordinary  sandstones  by  the 
angularity  of  their  grains.  When  the  fragments  are  coarse,  the  rock 
is  styled  a  volcanic  Irecew,.  Tu/aceous  conglomerates  result  ft-om  the 
intermixture  of  rolled  fi-agments  or  pebbles  of  volcanic  and  other  rocks 
with  tuff'. 

According  to  Mr.  Scrope,  tho  Italian  geologists  confine  the  term  tuff, 
or  tufa,  Ui  felspathose  mixtures,  and  those  composed  principally  of 
pumice,  using  the  termpgwniio  for  the  basaltic  tuffs.*  The  pcperinos 
thus  dlietinguished  ai'e  usually  brown,  and  the  tuffs  grey  or  white. 

We  meet  occasionally  with  estremely  compact  beds  of  volcanic  mate- 
i-ials,  interstratified  with  fossiliferous  rocks.  These  may  sometmies  be 
tuffs,  although  their  density  or  compactness  is  such  as  to  cause  them  to 
i-esemble  many  of  those  kinds  of  ti-ap  which  axe  found  in  ordinary  dikes. 
The  ehocolate-coloui-ed  mud,  which  was  poured  for  weeks  out  of  the 
crater  of  Graham's  Island,  in  the  Mediterranean,  in  1831,  must,  when 
unmised  with  other  materials,  have  constituted  a  stone  heavier  than 
granite.  Each  cubic  inch  of  the  impalpable  powder  which  has  fallen 
for  days  through  the  atmosphere,  during  some  modem  eruptions,  has 
been  found  to  weigh,  without  being  compressed,  as  much  as  ordinary 
trap  rocks,  and  to  be  often  identical  with  diese  in  mineral  composition. 

The  fusibility  of  the  igneous  rocks  generally  esceeds  that  of  other 
rocks,  for  there  is  much  alkaline  matter  and  lime  in  their  oompoaitioii, 
which  serves  as  a  flux  to  the  large  quantity  of  silica,  which  would  be 
otherwise  so  reii'actory  an  ingredient. 

It  is  remarkable  that,  notwithstanding  the  abundfince  of  this  silica, 
quarta,  that  is,  crystalline  silica,  is  usually  wanting  in  the  volcanio  rooks, 
or  is  present  only  as  an  occasional  mineral,  like  mica.  The  elements 
of  mica,  as  of  quarta,  occur  in  lava  and  trapj  but  the  circumstances 
under  which  these  rocks  are  formed  are  evidently  unfavourable  to  the 
development  of  mica  and  quartz,  minerals  so  characteristic  of  the  hjpo- 
gene  formations, 

It  would  be  tedious  to  enumerate  aJl  the  varieties  of  trap  and  lava 
which  have  been  regarded  by  difierent  observers  as  sufficiently  abundant 
to  deserve  distinct  names,  especially  as  each  investigator  is  too  apt  to 

"  Cleol.  Trans,  vol.  ii.  p.  211,  2d  aeries. 
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exaggerate  the  importance  of  local  varieties  which  happen  to  prevail  in 
districts  best  known  to  him.  It  will  be  uaeful,  however,  to  auhjoia 
tore,  in  the  form  of  a  gloasary,  an  alphabetical  list  of  the  names  and 
synonyms  most  commonly  in  use,  with  brief  explanations,  to  which  I 
have  added  a  table  of  the  analysis  of  the  simple  minerals  most  abundant 
in  the  volcanie  and  hypogene  rocks. 

Explanation  of  the  names,  m/rwnynts,  and  mineral  composition  of  the 
more  abwadant  volcanic  roeks. 

AwpmEOLiTi!.     See  Hombleode  rock;  ampMbole  being  Haiiy's  name  for  horn- 
blende. 
AiiTGDAi.Ojo.     A  particular  form  of  volcanic  rock ;  see  p.  372. 
AcoiTB  ROOK.     A  Itind  of  basalt  or  greenstone,  composed  wholly  or  principally 

of  granular  augite.     {Leoithard's  Stinerah-eich,  2d  edition,  p.  86.) 
AuQiTio-roarHTKT.     Crjetals  of  Labrador-felspar  and  of  augite,  in  a  green  or 

dark  grey  base.  (_Eose  Ann.  des  Mint!,  torn.  8,  p,  22,  1835). 
Easaii.  Chiefly  augite— an  intimate  mistura  of  augite  and  felspar  with  mag- 
netic iron,  oliyine,  !w.  See  p.  371.  The  jellowisti  green  mineral  called 
olivine,  can  eadly  be  distinguislied  from  jellowish  felspar  tij  ita  infusibi- 
lity,  and  having  no  olearage.  The  edges  turn  brown  in  the  Same  of  the 
Wow-pipe. 
Basabite.     Name  giTan  by  Alex.  Bronguiart  to  a  rock,  having  a  base  of  basalt, 

with  more  or  less  distinct  crystals  of  a,ugite  disseminated  through  it. 
Claystone  and  CiATSTONE-PORPHYay.     An  earthy  and  compact  skine,  usually 
of  a  purplish  colour,  liko  an  indurated  clay ;  passes  into  hornetone ;  gene- 
rally contains  scattered  crystals  of  felspar  and  sometimes  of  quarti. 
CtiNKaTONB.     Syn.  Phonolite,  fissile   Potrosiles;  a  greenieh  or  greyish  rook, 
having  a  tendency  to  divide  into  slabs  and  columns;  hard,  with  clean 
fracture,  riaging  under  the  hammer ;  principally  composed  of  compact 
felspar,  and,  according  to  Gmelin,  of  felspar  aud  mesotype.     {Leonhard's 
Mmerah-eich,  p.  102.)     A  rock  much  resembling  clinkstone,  and  called  by 
some  Petroalez,  contaios  a  considerable  percentage  of  quarts  and  fel- 
BjMir.   As  both  trachyte  and  basalt  pass  into  clinkstone,  the  rock  so  called 
must  be  very  various  in  composilion. 
Compact  Fbispab,  which  has  also  been  called  Petrosilas;  the  rock  so  called 
includes  the  hornstone  of  some  mineralogists,  is  allied  to  clinkstone,  but 
is  harder,  more  compact,  and  translucent.    It  is  a  varying  rook,  of  which 
the  chemical  composition  is  not  well  defined,  iind  is  perhaps  the  same  as 
that  o£  clay.     {MacCullochS  ClaisiJicaUon  of  Rocks,  p.  481.)    Dr.  Mac- 
Culloch  says,  that  it  contains  both  potash  and  soda. 
Cobbean.     a  variety  of  olaystone  alUed  to  hornstone.     A  fine  homogeneous 
paste,  supposed  to  consist  of  an  aggregate  of  felspar,  quartz,  and  horn- 
blende, with  occasional  epidote,  and  perhaps  chlorite ;  it  passes  into  com- 
pact felspar  and  hornatone.     i_De  la  Btehe,  Oeol.  Trans,  second  series, 
voL  2,  p.  8.) 
DiAiLAOE  koce:.     Sjrn.  Euphotide,  Qabbro,  and  some  Ophiolitos.     Compounded 
of  felspar  and  diollage,  sometimes  with  the  addition  of  serpentine,  or 
mica,  or  quarts.     {MacCaUoch,  ibid.  p.  648,) 
DlOBlTB.     A  kind  of  greenstone,  which  see.     Components,  felspar,  and  hern- 
blende  in  grains.    According  to  Rose,  Ann.  des  ilines,  torn.  8,  p.  4,  diorite 
consists  of  albite  and  hornblende. 
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DioMTic-POBPHTTEY.  A  porphyritic  greenstone,  eomposed  of  crystals  of  albite 
and  hornblende,  iu  a  greenish  or  blackish  base.  {Sose,  ibid,  p,  10,) 

DoLBHiTE.  Formerly  defined  as  e,  synonym  of  greenBtone,  -whieh  see.  But, 
according  to  Kose  (ibid.  p.  32),  its  composition  is  black  augite  and  La- 
brador-felspar; aecording  to  Leonhard  {Maieralreich,  &e.  p.  77),  augite, 
Labrador-felspar,  and  magnetic  iron. 

DoMlTK.     An  earthy  trachyte,  found  in  the  Puy  de  Dome,  in  Auvei^e. 

EuPHOTiDB.  A  miiture  of  grains  of  Labrador-felspar  and  diallage.  {Rose,  Hid. 
p.  19.)  According  to  some,  this  rook  is  defined  to  be  a  mixture  of  augite 
or  hornblende,  and  Saussurite,  a  mineral  allied  to  jade.  (^Allan's  Mine- 
ralogy, p.  168.)     Sse  Diallage  rook. 

Felspae-pohphyrt.  Syn.  Hornstone-porphyry ;  a  base  of  felspar,  with  crystals 
of  felspar,  and  crystals  and  grains  of  quartz.     See  also  Horastone. 

Oabbbo,  see  Diallage  rock. 

Geeknstome.  Syn.  Dolerite  and  dioiite  ;  componenia,  hornblende  and  felspar, 
or  augite  and  felspar  in  graina.     See  above,  p.  372. 

GEErsTOHB.  (Qrausteio  of  Werner.)  Lead  grey  and  greenish  roelt,  composed 
of  felspar  and  augite,  the  felspar  being  more  than  seventj-fiTe  per  oeut. 
{Sa-ope,  Jowm.  of  Sd.  No.  42,  p.  221.)  Grejstone  latas  are  intermediate 
in  composition  between  basaltic  and  tracljytio  lavas, 

HonNBLENEB  RooK.  A  grecnstone,  composed  prmcipally  of  granular  horn- 
blende, or  an^te.     [Leimhard,  Mmerali-eich,  &<;.,  p,  85.) 

EoRNSTOKB,  HOKNSTOKE-POBPHYBY.  A  kind  of  felspar  porphyry  (Leon/iard, 
ibid.),  with  a  base  of  homstone,  a  mineral  approaching  near  to  flint, 
differing  from  compact  felspar  in  beuig  infusible. 

Htpbbsthbhh  Bock,  a  miiture  of  grains  of  Labrador-felspar  and  hyperethene 
{Rose,  Ann.  dee  Mines,  torn.  8,  p.  13),  having  the  structure  of  syenite  or 
granite ;  abundant  among  the  traps  of  Skye,  Some  geologists  consider 
it  a  greenstone,  in  whieh  hypersthene  replaces  hornblende. 

Latbkite.  a  red  jaapery  rock,  composed  of  silicate  of  alumina  and  oiide  of 
iron.  Abundant  in  the  Dcouan,  in  India ;  and  referred  to  the  trap  for- 
mation ;  from  Later,  a  brick  or  tile. 

MBiApnYBH.  A  variety  of  black  porphyry,  the  baao  being  black  augite  with 
orjstals  of  felspar ;  from  /icXat,  taelas,  black. 

Obsidian,     Vitreous  lava  like  melted  glass,  nearly  allied  to  pitehsfoae. 

Ophiolite,  sometimes  same  aa  Diallage  rocks  (Leonhard,  p.  77) ;  sometimes  a 
kind  of  serpentine. 

Ophffb.  Agreen  porphjrilic  root  composed  chiefly  of  hornblende,  with  crystals 
of  that  mineral  iu  a  base  of  the  same,  mised  with  some  felspar.  It  passes 
into  serpentine  by  a  mixture  of  talc.    Burat's  d'Aubuii!on,\,tim.ii.  p.  63.) 

pHiBisiONE.  A  volcanic  rock,  having  the  lustre  of  mother  of  pearl;  usually 
having  a  nodular  atractnve ;  intimately  related  to  obsidian,  but  less  glassy. 

Pkpbriko.    a  form  of  Tolcanic  tuff,  composed  of  basaltic  scorite.     See  p.  874. 

Petbosilbx.     See  Clinkstone  and  Compact  Felspar. 

PHOiJiir.iTE.     Syn.  of  Clinkstone,  which  see. 

PlTCHSTONE.  Vitreous  lava,  less  glassy  than  obsidian;  a  blackish  gi'een  rocli 
lesembling  glass,  having  a  resinous  lustre  and  appearance  of  pitch; 
composition  vadons,  usually  felspar  and  auglta;  passes  into  basalt; 
occurs  in  veins,  and  in  Acran  forms  a  dike  thirty  feet  wide,  cutting 
through  sandstone;  forma  the  outer  walls  of  some  basaltic  dikes. 
PoKFUTiiY.  Any  rock  in  which  detached  cryatala  of  felspar,  or  of  cue  or  more 
minerals,  are  diffused  through  a  base.     See  p.  372. 
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PozzoLANA,      A  kind  of  tuff.      See  p.  S6. 

Pumice.     A  liglit,  spongy,  fibrous  form  of  tvaoliyte.     See  p.  373. 

PiRoxEKiC'FOBPHYKY,  saJDO  08  augitio-porphyrj,  pjroxene  being  Haiiy's  name 

for  tmgite. 
SooBi*:.     Syn.  voloanio  oindevs ;  reddish  brown  or  Tjlaok  porous  form  of  laya. 

See  p.  373. 
Sbkpbktine.     a  grocnisli  rock,  in  nhich  there  is  mucli  magnesia;  usually  con- 
tains diallaga,  -which  is  nearly  allied  to  tlie  simple  mineral  called  serpen- 
tine.    Oconra  sometimes,  though  rarely,  in  dikes,  altering  the  contiguous 
strata ;  is  indifferently  a  member  of  the  trappean  or  hypogone  series. 
Sye KJi:c-aitEEB STONE ;  composition,  crystals  or  grains  of  felspar  and  horn- 
blende.    See  p.  372. 
Tephkine,  synonymous  with  lava.     Name  proposed  by  Alex.  Brongniart. 
ToADSTOBB.    A  looal  name  in  Derbyshire  for  a  kind  of  wackg,  -wliich  see. 
Tbachytk.    Chiefly  composed  of  glassy  felspar,  with  crystals  of  glassy  felspar. 

Sie  p.  372. 
Trap  inrF.     See  p.  374. 
Trass.     A  kind  of  tuff  or  mnd  'poured  out  by  lake  craters  during  eruptions  ; 

common  in  the  Eifel,  in  Germany. 
TuEAOEOUS  Conqlomebatb.     See  p.  374. 
Tuff.     Syn.  Trap-tuff,  TOlcanio  tuff.     See  p.  374. 
TiiUKonB  LAVA.     See  Pitchstona  and  Obsidian. 
VoLCAKio  TtJFT.     See  p.  374. 

Waoke.     a  soft  and  earthy  variety  of  trap,  haying  an  ai^Uaoeons  aspect.     It 

resembles  indurated  clay,  and  when  scratched  eshjbib  a  sliining  streak. 

Whinstone.    a  Scotch  proyjnoial  term  for  greenstone  and  other  hard  trap  rocks. 
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CHAPTER  XXIX. 
VOLCANIC  KOCKS  —  continued. 


;a  project —  sometimes  leave  fissuree  Tacant  bj  decompo- 
8  of  trap  —  Dikes  more  oryataUine  in  lie  centre  — 
Foreign  fragments  of  rook  imbedded  —  Strata  altered  at  or  near  the  contact 
—  Obliteration  of  organic  remains  —  GouYersion  of  clialk  into  marble  —  and 
of  coal  into  cote  —  Inequality  in  tlie  modifying  inflaenee  of  dikes  — Trap 
interposed  between  strata — Colnmnar  and  globular  structure  —  Relation  of 
trappean  rooka  to  tlia  producla  of  actiye  Toloanos  —  Sub-marine  lava  and 
e>Bted  matter  correspond  generally  to  ancient  trap  —  Structure  and  physical 
features  of  Palma  and  some  other  eitinct  TolcanoB. 

Ha  VINO  in  tlie  last  chapter  spoten  of  the  composition  and  mineral  ahsa- 
aetera  of  volcanic  rocks,  I  shall  nest  describe  the  manner  and  position 
in  which  they  occur  in  the  earth's  crust,  and  their  external  forms.  Now 
the  leading  varieties,  such  as  basalt,  greenstone,  trachyte,  porphyry,  and 
the  rest,  are  fonnd  sometimes  in  dikes  penetrating  stratified  and  nnstra- 
tified  formations,  sometimes  in  shapeless  masses  protruding  through  or 
overlying  them,  or  in  horizontal  sheets  intercalated  between  strata. 

VolcaMio  dihes. — Fissures  have  already  been  spoken  of  as  occurring 
in  all  kinds  of  rocks,  some  a  few  feet,  others  many  yards  in  width,  and 
often  filled  up  with  earth  or  angular  pieces  of  stone,  or  with  sand  and 
pebbles.  Instead  of  such  material,  suppose  a  quantity  of  melted  stone 
to  be  driven  or  injected  into  an  open  rent,  and  there  consolidated,  we 
have  then  a  tabular  mass  resembling  a  wall,  and  called  a  trap  dike.  It 
Kg.  439.  is  not  uncommon  to  find  such 

dikes  passing  through  strata  of 
soft  materials,  such  as  tuff  or 
shale,  which,  being  more  pe- 
rishable than  the  trap,  are  often 
washed  away  by  the  =ea,  iivers, 
r  lam,  in  which  case  the  dike 
stands  piominenlly  out  in  the 
fiice  of  piecipioes,  ti  on  the 
level  surfice  of  a  countij  (^Ste 
the  annexed  figure  *) 

In  the    islands    of   Arran, 

Kke  in  inland  Taney.nssrUienraMiiHeacf.MaaelrB.  SkyO,  and  Other  parts  of  Scot- 
land, where  sandstone,  conglomerate,  and  other  hard  rocks  are  traversed 
by  dikes  of  trap,  the  converse  of  the  above  phenomenon  is  seen.  The 
dike  having  decomposed  more  rapidly  than  the  containing  rock,  has  once 
*  I  have  been  fiiToured  with  this  drawiii^  by  Cnptnin  B.  Hall. 
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mDro  Ictt  open  the  onginal  fisTOie,  often  foi  a  distance  of  many  yards 
mland  from  the  Be<i  coi&t,  si  lepiesented  in  the  annesed  view  (fig.  440). 
In  these  instance-,,  the  greenstone  of  the 
dile  la  usually  more  tough  and  hard  than 
the   aanditone,  hut  chemical  action,  and 
chiefly  the  oxidation  of  the  iion,  has  given 
the  more  rapid  decay, 
e  ia  yet  another  case,  hy  no  means 
imcoramon  in  Arran  and   other  parts  of 
Scotland,  where  the  strata  in  contact  with 
the  dike,  and  for  a  certain  distance  from 
it,  have  been  hardened,  so  as  to  resist  the 
action  of  the  weather  more  than  the  dike 
itaelf,  or  the  sunroanding  rocks.     When 
this  happens,  two  parallel  walls  of  inda- 
Tited  strata  are  seen  protruding  above  the 
'  gcneiil  level  of  the  country,  and  following 
the  course  of  the  dike. 

f  hranohes,  or  divide  into  two  or  more 
0  we  find  trap  dikes  bifurcating  and  ramify- 
3  so  tortuoos  as  to  be  called  veins,  though 
this  is  more  common  in  granite  than  in  trap.     The  accompanying  sketch 
(fig.  441)  by  Dr.  MacCulloch  represents  part  of  a  sea-cliff  in  Argyle- 
j-i^  441,  shire,  where  an  overlying  ma^  of  trap, 

S,  sends  out  some  veins  which  terminate 
downwards.  Another  trap  vein,  a  a,  cuts 
through   both  the   limestone,  c,  and   the 

In  fig.  442,  a  ground  plan  is  given  of  a 

ramifying  dike  of  greenstone,  which  I  ob- 

1  catting  through  sandstone  on  the 

"  beach   near    Kildonan   Castle,  in   Arran. 

Tr^  vdns  In  Airdnaniiireiioii.       jjig  larger  branch  varies  from  5  to  7  feet 

n  width,  which  will  afford  a  scale  of  measurement  for  the  whole. 


As  Assures  s 
fissures  of  e 
ing,  and  sometimes  they  a 


Id  plnn 


In  the  Hehrid^  and  other  countries,  the  same  masses  of  trap  which 
occupy  the  shrface  of  the  country  far  and  wide,  concealing  the  subjacent 
stratified  rocks,  are  seen. also  in  the  sea  cliffs,  prolonged  downwards  in 
veins  or  dikes,  which  probably  unite  with  other  masses  of  igneous  rock 
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at  a  greater  depth.  The  largest  of  the  dikes  reprosDnted  in  the  annexed 
diagram,  and  wliieh  are  seen  in  part  of  tlie  coast  of  Skjc,  is  no  lesa  than 
100  feet  in  width. 


Ti'^i  dlTlah^  and  oover 

Every  variety  of  trap-rock  is  sometimes  found  in  these  dikes,  a 
greenstone,  felspar-porphyry,  and  more  rarely  trachyte.  The  amygda- 
loidal  traps  also  ocear,  and  even  tuff  and  hreeoia,  for  the  niateriaJs  of 
these  last  may  be  washed  down  into  open  Assures  at  the  bottom  of  the 
sea,  or  during  eruptions  on  the  land  may  be  showered  into  them  from 
the  air. 

Some  dikes  of  trap  may  te  followed  for  leagues  uninterruptedly  in 
nearly  a  straight  direction,  as  in  the  north  of  England,  showing  that 
the  fissures  which  they  fill  must  have  been  of  estraordinary  length. 

IHkes  mm-e  en/staUine  in  ihe  centre.  —  In  many  cases  trap  at  the 
edges  or  sides  of  •»  dike  is  Iras  crj'staJline  or  more  earthy  than  in  the 
centre,  in  consequence  of  the  melted  matter  having  cooled  more  rapidly 
by  coming  in  contatt  with  the  cold  sides  of  the  fissure;  whei-eas,  in  the 
centre,  the  matter  of  the  dike  being  kept  long  in  a  fluid  or  soft  state, 
the  crystals  aie  slowly  foimed  In  the  ancient  pai-t  of  Vesuvius,  called 
Somma,  a  thin  band  of  vitieous  liva  is  found  at  the  edge  of  some  dikes. 
At  the  junction  of  greenstone  dikes  with  limestone,  a  saTdband,  or  sel- 
vage, of  serpentine  is  occasionally  obsei-ved. 

On  the  left  shore  of  the  fiord  of  Christiania,  in  Norway,  I  esamined, 
in  company  with  Pi'ofessor  Keilhau,  a  remarkable  dike  of  syenitic  green- 
stone, which  is  traced  through  Silurian  strata,  until  at  length,  in  the 
promontory  of  Nresodden,  it  enters  mica-schist.     Fig.  444  represents  a 
j,.^  ^^  ground  plan,  whei-e   the  dike  ap- 

ijears  8  paces  in  width.     In  the 

Syenitic  greonatone  dike  of  Naisoidcn,  .,11      -f  ■    ■■   .,  ,  „■  3 

ChTiBijiiiuii.  middle  it  is  highly  crystalline  and 

granitiform,  of  a  purplish  colour, 

and  containing  a  few  crystals   of 

mica,  and  strongly  contrasted  with 

the  whitish  mica-schist,   between 

which  and  the  syenitic  rock  there 

is  usually  on  each  side  a  distinct 

black  band,  18  inches   wide,   of 

dark  greenstone.    When  fii-st  seen, 

GKe-a-        SyeoHio        Grs™-  ihese  bands  have  the   appearance 

t.j»i»d^1™eat  Jti^teiiinotrMsur-     Of  *wo  accompanying  dikes;  yet 

roundedby  u  baud  of  greenBtone.  they  are,  in  fact,  only  the  different 

form  which  the  syenitic  materials  have  assunicd  where  near  to  or  in  con- 

3  point,  a,  one  of  the  aahlbands  ter- 
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minatca  for  a  apace ;  but  near  this  there  ia  a  large  detached  block,  b, 
having  a  gneiss-lilte  structure,  consisting  of  hornblende  anci  felspar,  which 
is  included  in  the  midst  of  the  dike.  Hound  this  a  smaller  encircling 
zone  is  seen,  of  dark  baaalt,  or  fine-grained  greenstone,  nearly  corres- 
ponding to  the  larger  ones  that  border  the  dike,  but  only  1  inch  wide. 

It  aeems,  therefore,  evident  that  the  fragment,  h,  has  acted  on  the 
matter  of  the  dike,  probably  by  causing  it  to  oool  more'  rapidly,  in  the 
same  manner  as  the  walls  of  the  fissures  have  acted  on  a  larger  scale. 
The  fectg,  also,  illustrate  the  facility  with  which  a  granitiform  syentic 
may  pass  mto  ordinary  rockf  of  the  volcanic  femily. 

The  fact  above  lUuded  to,  of  a  foieign  fragment,  such  aa  b,  flg.  444, 
inclucled  in  the  midst  of  the  trap, 
as  if  torn  off  from  some  subja- 
cent rock  or  the  walls  of  a  fissure, 
!S  by  no  means  uncommon.  A 
&iK  esample  is  seen  in  another 
dii.e  of  greenstone,  10  feet  wide, 
jn  the  northern  auburhs  of  Chria- 
tiauii,  in  Norway,  of  which  the 
■mmsed  figure  is  a  ground  plan. 
The  dike  passes  through  shale, 
1  nown  by  its  fossils  to  belong  to 
the  Siluiian  sene''  In  the  black  base  of  greenstone  are  angular  and 
roundish  pieces  of  gneiss,  some  white,  otliei-a  of  a  light  flesh-colour,  some 
without  lamination,  like  granite,  others  with  iaminfe,  which,  by  their 
vanoui  and  ften  rpposife  directiona,  show  that  they  have  been  scattered 
at  random  thiough  the  matris.  These  imbedded  pieces  of  gneiss  mea- 
1U1I,  from  1  to  about  8  inches  in  diameter. 

Socks  altered  6y  volcanic  dikes.  —  After  these  remarks  on  the  form 
and  composition  of  dikes  themselves,  I  shall  describe  the  alterations 
which  they  sometimes  produce  in  the  rocks  in  contact  with  them.  The 
changes  are  usually  such  as  the  intense  beat  of  melted  matter  and  the 
entangled  gases  might  be  expected  to  cause 

Plas-Newi/dd. — A  strik  ng  esample  near  Plas  Newydd,  in  Anglesca, 
has  been  described  by  Protenscr  Henslow  *  The  dike  is  134  feet  wide, 
and  consists  of  a  rook  whir h  is  a  compo  m  1  ot  felspai  and  augite  (dole- 
rile  of  some  authors).  Strata  Df  shal  and  argillaceona  limestone, 
through  which  it  cuts  perpen  Iioi  larly  ai  e  Iti-i  ed  to  a  distance  of  30, 
or  even,  in  some  places,  to  35  feet  from  the  edge  of  the  dike.  The 
shale,  as  it  approaches  the  tiip  becomes  gi  ^dually  more  compact,  and  is 
most  indurated  where  nearest  the  jimcti  n  Here  it  loses  part  of  ite 
schistose  structure,  hut  the  separation  into  parallel  layers  is  still  discerni- 
ble. In  several  places  the  shale  is  convertad  into  hai-d  porcellanoua 
jasper.  In  the  moat  hardened  part  of  the  mass  the  fossil  shells,  prin- 
cipally Frodiicli,  are  nearly  obliterated  j  yet  even  here  their  impressions 
*  Cambridge  Transatttona,  rol,  i.  p.  402, 
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may  frequently  be  traced.  The  argillaceous  limestone  undergoes  anaJo- 
goas  mutations,  losing  its  earthy  texture  as  it  approaches  the  dike,  and 
becoming  granular  and  crystalline.  But  the  moat  extraordinary  plieao- 
nomenon  is  the  appearance  ia  the  shale  of  numerous  crystals  of  anal- 
cime  and  garnet,  which  are  distinctly  confined  to  those  portions  of  the 
roek  affected  by  the  dike.*  Some  garnela  contain  as  much  as  20  per 
cent,  of  lime,  which  they  may  have  derived  from  t" 
the  fossil  shells  or  Prodiicti.  The  same  mineral  has  been  o 
under  very  analogous  circumstances,  in  High  Teesdale,  by  Pi-ofessor 
Sedgwick,  where  it  also  oceui-s  in  shale  and  limestone,  altered  by  basalt.f 
Antnm  —  In  several  parts  of  the  county  of  Antrim,  in  the  north  of 
Ireland,  chalk  with  flmta  is  traveised  by  basilfic  dikes  The  chalk  is 
there  converted  into  giinular  marble  near  the  basalt,  the  chan^  some- 
times extending  8  oi  10  feet  fiom  the  wall  of  the  dike,  being  greitLst 
near  the  point  of  contact,  and  thence  gradudly  decreasing  till  it  beomis 
evanescent  "  The  extreme  effect,"  says  Dr  Bergtr,  '<  presents  -i  daik 
brown  crystalline  hmestone,  the  ciystals  lannmg  in  flakes  as  large  as 
those  of  coai-se  pnmitive  (mftamotphii.}  limestone ,  the  nest  slate  la 
sacchatine,  then  fine  grained  and  arenaceous ,  a  compact  vanety,  havmg 
a  porcellaneous  aspect  and  *  bluish  grey  colour,  succeeds  this,  towards 
the  outer  edge,  becomes  yellowish  white,  and  insensibly  graduates  into 
the  unaltered  ch'dk  The  flinto  in  the  altered  chalk  usually  asaame  a 
grey  jcUnwish  loIoui  %  All  tiaces  of  organic  lemunb  aie  effaced  in 
that  part  ol  ihe  lime-'tcne  which  is  most  crystalline 


pl&n,  as  Been  on  the  b«ach.    (ConyWre 

The  annexed  drawing  (fig.  446)  represents  three  basaltic  dikes  tra- 
versing the  chalk,  all  within  the  distance  of  90  feet.  The  chalk  con- 
tiguous to  the  two  outer  dikes  is  converted  into  a  finely  granulai  marble, 
mm,  as  are  the  whole  of  the  masses  between  the  outer  dikes  and  the 
central  one.  The  entire  contrast  in  Ihe  composition  and  colour  of  the 
intrusive  and  invaded  rocks,  in  these  cases,  renders  the  phenomena  pecu- 
liarly clear  and  interesling. 

Another  of  the  dikes  of  the  nortli-east  of  Ireland  has  converted  a 
mass  of  red  sandstone  into  hornstone.||     Ky  another,  the  slate  clay  of 


•  Cambritlga  Trans,  vol.  i,  p.  410.  ^Geol.  Trans.,  1 

flbid.  Tol.  ii.  p.  175.  210,  and  plate  10. 

JDr.  Berger,  GeoL  Trans.,  Istseries,         ||  Ibid.  p.  201. 
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the  ooa]  measures  has  been  indurated,  and  has  assumed  the  character  of 
flinty  9lat«;*  and  in  another  place  the  slate  clay  of  the  lias  has  been 
changed  into  flinty  slate,  which  still  retains  numerous  impressions  of 
ammonit^s.^  / 

It  might  have  heen  anticipated  that  beds  of  coal  would,  from  their 
combustible  nature,  be  affected  in  an  extraordinary  degree  by  the  contact 
of  melted  rocli.  Accordingly,  one  of  the  greenstone  dikes  of  Antrim, 
on  passing  through  a  bed  of  coal,  reduces  it  to  a  emder  for  the  apace 
of  9  feet  on  each  side.  J 

At  Coctfield  Fell,  in  the  north  of  England,  a  similar  change  is  observed. 
Specimens  talien  at  the  distance  of  abont  30  yards  from  the  trap  are 
not  distinguishable  from  ordinary  pit  coal ;  those  nearer  the  dike  are 
like  cinders,  and  have  all  the  character  of  coke;  while  those  close  to  it 
are  converted  into  a  substance  resembling  aoot.f 

As  examples  might  be  multiplied  withoat  end,  I  shall  merely  select 
one  or  two  others,  and  then  conclude.  The  rock  of  Stirling  Castle  is  a 
calcareous  sandstone,  fractured  and  foroiblj  displaced  by  a  mass  of  green- 
stone which  has  evidently  invaded  the  strata  in  a  melted  state.  The 
sandstone  has  been  indurated,  and  has  assumed  a  testure  approaching 
to  hornstone  near  the  junction.  In  Arthur's  Seat  and  Salisbury  Craig, 
near  Edinburgh,  a  sandstone  which  comes  in  contact  with  greenstone  is 
converted  into  a  jaspideous  rock.H 

The  secondary  sandstones,  in  Skye  are  converted  into  solid  quarts  in 
several  places,  where  they  come  in  contact  with  veins  or  masses  of  trap; 
and  a  bed  of  quarts,  says  Dr.  MaeOuIloch,  found  near  a  mass  of  trap, 
among  the  coal  strata  of  Fife,  was  in  all  probability  a  stratum  of  ordi- 
nary sandstone,  having  been  subsequently  indurated  and  tui-ned  into 
quartzite  by  the  action  of  heat.^f 

But  although  strata  in  the  neighbourhood  of  dikes  are  thus  altered  in 
a  vaaiety  of  cases,  shale  being  turned  into  flinty  shtte  or  jasper,  limestone 
into  crystalline  marble,  sandstone  into  qnartz,  coal  into  coke,  and  the 


in  pai-t  obliterated,  it  is  b 
rocks,  even  in  the  same  dia- 
ity  of  volcanic  d 


fo^l  remains  of  all  such  strata  wholly  and 
means  uncommon  to  meet  with  the  same 
tricts,  absolutely  unchanged  in  the  prosimi 

This  great  inequality  in  the  effects  of  the  igneous  rocks 
■  e  from  an  original  difference  in  their  temperature,  and  in  that  of  tho 
!Sj  such  as  is  ascertained  to  prevail  in  different  lavas,  or  in 
e  lava  near  its  source  and  at  a  distance  from  it.  The  power  also 
of  the  invaded  rocks  to  conduct  heat  may  vaiy,  according  to  their  com- 
position, structure,  and  the  fractures  which  they  may  have  esperienced, 
and  perhaps,  also,  according  to  the  quantity  of  water  (so  capable  of  being 

*  Geol.  TranB.,  1st  seriea,  vol.  iii.  p.         |  Sedgwick,   Carab.   Trans.,  vol.   ii. 

205.  p.  37. 

t  Ibid.  p.  21S ;  and  Piajfair,  Dlust.         |[  niast.  of  Halt-  Theory,  ?  253,  and 

of  Hutt.  Theory,  a,  25S.  261.      Dr.  MacCulloch,  Geol.  Trans., 

JGeol.  Trans.,  Ist  aeries,  vol.  iii.  p.  Ist  series,  irol.  ii.  p.  305. 
-''*'■  1[Sjst.  of  Geoi.  vol.  i.  p.  206. 
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heated)  wliich.  they  contain.  It  must  happen  in  some  eases  that  the 
component  materials  are  mixed  in  such  proportiona  as  prepare  them 
readily  to  enter  into  ohemicai  ucion,  and  form  new  minerals ;  wliile  in 
other  cases  the  mass  may  he  more  homogeneous,  or  the  proportions  less 
adapted  for  such  union. 

We  must  also  ta^e  into  consideration,  that  one  fissure  may  be  simply 
filled  with  lava,  which  may  begin  to  cool  from  the  first;  whereas  in  other 
eases  the  fissure  may  give  passage  to  a  current  of  melted  matter,  which 
may  ascend  for  days  or  months,  feeding  streams  which  are  oyerflowing 
the  country  above,  or  are  ejected  in  the  shape  of  scorise  from  some  crater. 
If  the  walls  of  a  rent,  moreover,  are  heated  by  hot  vapour  before  the 
lava  rises,  as  we  know  may  happen  on  the  flanis  of  a  volcano,  the  addi- 
tional caloric  supplied  by  the  dite  and  its  gases  will  act  more  powerfully. 

Intnuion  of  trap  helweet  st  ala  —  In  proof  of  the  mechanical  force 

which  the  fluid  has  somet  mes  eserted  on  the  rochs  into  which  it  has 

intruded  itself,  I  may  refer  to  t!  e  Whin-Sill,  where  a  mass  of  basalt, 

from  60  to  80  fee    n  he  ght  rep     ented  by  a,  fig.  447,  is  in  pai't  wedged 

n  .441, 


rspm   rp  gn  T       ol    Burhain.    (SK^wii*,*) 

in  between  the  rocks  of  1  n  c  tone,  6,  and  shale,  c,  which  have  been 
separated  from  the  great  mass  of  limestone  and  shale,  d,  with  which  they 
were  united. 

The  shale  in  this  place  is  indurated;  and  the  limestone,  which  at  a 
distance  from  the  trap  is  blue,  and  contains  fossil  corals,  is  here  converted 
into  granular  marble  without  fossils. 

Masses  of  trap  are  not  unfrequently  met  with  intercalated  between 
strata,  and  maintmning  their  parallelism  to  the  planes  of  stratification 
thioughout  large  areas.  They  must  in  some  places  have  forced  their 
way  literally  between  the  divisions  of  the  strata,  a  direotion  in  which 
there  weald  be  the  least  resistance  to  an  advancing  fluid,  if  no  vertical 
rents  communicated  with  the  surfiice,  and  a  powerful  hydrostatic  pres- 
sure was  caused  by  gases  propelling  the  lava  upwards. 

Cohimnar  and  ghhular  strttcture.  —  One  of  the  characteristic  forms 
of  volcanic  rocks,  especially  of  basalt,  is  the  columnar,  where  large  masses 
are  divided  into  regular  piisms,  sometimes  easily  separable,  but  in  other 
cases  adhering  firmly  together  The  columns  vary  in  the  number  of 
angles,  from  three  to  twphe     but  the>  have  most  commonly  from  five 

*  Camli    Trin-   vol    u   p,  180. 
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to  seven  sides.  They  are  often  divided  transversely,  at  nearly  equal  dis- 
tances, like  the  joints  in  a  vertebral  column,  as  in  the  Giants'  Causeway, 
in  Ireland.  They  vary  cxeeedingly  in  respect  to  length  and  diameter. 
Di'.  MacCuUoeh  mentions  some  iu  Skye  which  are  about  400  feet  long; 
others  in  Mfrven  not  exicedmg  an  inch.  In  regard  to  diameter,  those 
Df  Aitsa  measuie  9  feet,  and  those  of  Morven  an  inch  or  less.*  They 
are  usually  sti-aight  but  sometimes  curved ;  and  examples  of  both  these 
f  c(,ur  m  the  island  of  Sfaffa.  In  a  horizontal  bed  or  sheet  of  trap  the 
columns  are^eitical,  in  a  veitical  dike  they  are  horizontal.  Among 
ither  examples  of  the  lasl>-mentioned  phenomenon  is  the  mass  of  basalt, 
c  tiled  the  (  himney  in  '^t  Helena  (see  fig.  448),  a  pile  of  hexagonal 
prisms,  (j4  feet  high,  evidently  the  remainder  of  a  nari-ow  dike,  the  walls 


of  rock  which  the  dike  originally  traversed  having  been  removed  down 
to  the  level  of  the  sea  In  fig.  449,  a  small  portion  of  this  dike  is 
lepiesented  on  a  less  leduced  scale. f 

It  being  assumed  that  columnar  trap  has  consolidated  from  a  fluid 
htito,  the  prisms  are  said  to  be  always  at  right  angles  to  the  cooling  &ur- 
fm^s  If  these  surfaces,  therefoi-e,  instead  of  being  either  perpendicu- 
lai ,  or  honzontdl,  die  earved,  the  columns  ought  to  be  inclined  at  every 
j.nglo  to  the  hoiizon  ,  and  there  is  a  beautiful  exemplifieatiOTi  of  this 


iva  of  Lb  Oouue  d'Ayiac,  near  Anttaigi 

^mth 

•  MaoCul.  Sjst.  of  neol 
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phenomenon  in  oue  of  the  vallejs  of  the  Vivarais,  a  mouutaiuoiLS  dis- 
trict in  the  South  of  France,  where,  in  the  midst  of  a  region  of  gneiss, 
a  geologist  enoounteia  nnespectedly  aeveral  volcanic  cones  of  loose  sand 
and  acorise.  From  the  crater  of  one  of  these  cones,  called  La  Coupe 
d'  Ajzac,  a  stream  of  lava  descends  and  ocoapies  the  hottom  of  a  narrow 
valley,  except  at  those  points  where  the  river  Volant,  or  the  torrents 
which  join  it,  have  cnt  awaj  portions  of  the  solid  lava.  The  accoinpa- 
njing  sketch  (fig.  450)  represents  th  n  nt    f  tl     1         t    ne  of  the 

points  wliere  a  lateral  toi-rent  joins  thnn  UjfthV  lant.  It 
"s  cleac  that  the  lava  once  filled  the  wl   1       11  y    p  t    tl     d  tted  line 


t  1  ne,  while 

by  which  we 

/A       al  in  this 

ous;  the 


da;  but  the  rivev  has  gradually  sw  p         y    1!  b  1  n 

the  tributary  torrent  has  laid  open      f  -sc 

pei-ceive,  in  the  first  place,  that  the  1 

country,  of  three  parts :  the  upperm    t     t        I 

second,  h,  presenting  irregular  prism  d  tl     th   d       w  th  regular 

columns,  which  are  vertical  on  the  b  k  f  h  V  1  t  wh  they  rest 
on  a  horizontal  base  of  gneiss,  but  which 
are  inclined  at  an  angle  of  45°  at  g,  and 
then  horizontal  at/,  their  position  having 
been  every  where  determined,  according 
to  the  law  before  mentioned,  by  the  eon- 
cave  form  of  the  original  valley. 

In  the  annexed  figure  (451)  a  view  is 
given  of  some  of  the  inclined  and  curved 
columns  which  present  themselves  on  the 
sides  of  the  valleys  in  the  hilly  region 
north  of  Vicenza,  in  Italy,  and  at  the 
foot  of  the  higher  Alps.*  Unlike  those 
of  the  Vivarais,  last  mentioned,  the  ba- 
(FdtUb.)  salt  of  this  country  was  evidently  subma- 

ine,  and  the  present  vallej  s  ha'v  e  since  been  hollowed  out  by  denudation. 
The  columnar  stinctnre  is  by  no  means  peculiar  to  the  trap  rocks  in 


"  Fortis.  Mdni.  sar.  VHiet.  Nnt.  lie  I'llalie,  torn,  i.  p.  288,  plate  7. 
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which  hornblende  or  augite  predominate;  it  is  also  observed  in  elink- 
stoiie,  trachyte,  and  other  felspathic  rocka  of  the  igneous  class,  although 
in  these  it  is  rarely  exhibited  in  such  regular  polygonal  forms. 

It  has  been  already  stated  that  basaltic  columns  are  often  divided  by 
cross  joiata.  Sometimes  each  segment,  instead  of  an  angular,  assumes 
a  spheroidal  form,  so  that  a  pillar  is  made  np  of  a  pile  of  balls,  usually 
flattened,  as  in  the  Cheese-grotto  at  Bertrich-Baden,  in  the  Eifel,  near 
the  Moselle  (fig.  452).  The  basalt,  there,  is  pai-t  of  a  small  stream  of 
lava,  from  30  to  40  feet  thick,  which  has  proceeded  from  one  of  several 
volcanic  craters,  still  extant,  on  the  neighbouring  heights.  The  position 
of  the  lava  bordering  the  river  in  this  valley  might  be  represented  by  a 
section  like  that  already  given  at  fig.  450,  p.  885,  if  we  merely  supposed 
inclined  strata  of  slate  aad  the  argOlaceous  sandstone  called  grejwackS 
to  be  substituted  for  gneiss. 

In  some  masses  of  decomposing  greenstone,  basalt,  and  other  trap 
irocks,  the  globular  structure  is  so  conspicuous  that  the  rook  has  the 
appearance  of  a  heap  of  large  cannon  halls. 

A  striking  example  of  this  structure  occurs  in  a  resinous  trachyte  or 
pitchstone-porphyry  in  one  of  the  Poaza  islands,  which  rise  from  the 
Mediterranean,  off  the  coast  of  Terracina  and  Uaeta.  The  globes  vary 
^^  j„  from  a  few  inches  to  three  feet  in  diameter, 

and  are  of  an  ellipsoidal  form  (see  fig.  453). 
The  whole  rock  is  in  a  state  of  decomposi- 
tion, "  and  when  tie  halls,"  says  Mr.  Scrope, 
"  have  been  exposed  a  short  time  to  the  wea- 
ther, they  scale  off  at  a  touch  into  numerous 
concentric  coats,  Uke  those  of  a  hiJbous 
root,  inclosing  a  compact  nucleus.  The  la- 
minas  of  this  nucleus  have  not  been  so  much 
loosened  by  decomposition ;  but  the  applica- 
tion of  a  ruder  blow  will  produce  a  still  fur- 
ther exfoliation.'** 
jf^-^t  «■■*•'  ^  i^^t^^  A  fissile  texture  is  occasionally  assumed 
L"  ,    '     ,  fi    ^^^^^n    by  clinkstone  and  other  trap  rocks,  so  that 

III .liw^siH     they  have  been  used  for  roofing  houses.. 

Sometimes  the  prismatic  and  slaty  structure 
is  found  in  the  same  mass.  The  causes- 
which  give  rise  to  such  arrangements  are 
very  obscure,  hut  are  supposed  to  he  con- 
nected with  changes  of  temperature  during: 
the  cooling  of  the  mass,  as  will  be  pointed  out  in  the  sequel.  (See 
Chaps.  XXXV.  and  XXXVI.) 

Relation  of  Trappean  RocIm  to  the  products  of  active  Yotcanos. 
When  we  reflect  on  the  changes  above  described  in  the  strata  near 


their  contact  with  trap  dikes,  and  consider  how  great  \\ 
'  Scrope,  Geol.  Trans,  vol.  ii,  p.  205,  2d  serii 
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compositiou  and  structure  of  the  rocks  called  trappeaa  and  tlie  lavas  of 
netive  volcanos,  it  seems  difficult  at  first  to  understand  how  so  muot  doubt 
could  have  prevailed  for  half  a  century  as  to  whether  trap  was  of  igneous 
or  aqueous  origin.  To  a  certain  extent,  however,  there  was  a  real  dis- 
tinction between  the  trappean  formations  and  those  to  which  the  term 
volcanic  was  almost  esclusively  confined.  The  trappeaa  rocks  first  studied 
in  the  north  of  Germany,  and  in  Norway,  France,  Scotland,  and  other 
countries,  were  either  such  as  had  been  formed  entii-ely  under  deep 
water,  or  had  been  injected  into  fissui-es  and  intruded  between  strata,  and 
which  had  never  flowed  out  in  the  air,  or  over  the  bottom  of  a  shallow 
sea.  When  these  products,  therefore,  of  submarine  or  subterranean 
igneons  action  were  contrasted  with  loose  cones  of  scoriae,  tuff,  and  lava, 
or  with  nari-ow  streams  of  lava  in  great  part  scoriaceous  and  porous,  such 
as  were  observed  to  have  proceeded  from  Vesuvius  and  Etna,  the  resem- 
blance seemed  remote  and  equivocal.  It  was,  in  truth,  lite  compaiing 
the  roots  of  a  tree  with  its  leaves  and  branches,  which,  although  they 
belong  to  the  same  plant,  difier  in  form,  texture,  colour,  mode  of  growth, 
and  position.  The  estcrnal  cone,  with  its  loose  ashes  and  porous  lava, 
may  be  likened  to  the  light  foliage  and  branches,  and  the  rocks  concealed 
far  below,  to  the  roots.     But  it  is  not  enough  to  say  of  the  volcano, 

^tlierias,  tantum  radice  in  Tartara  tendit," 
for  its  roots  do  literally  reach  downwards  to  Tartaras,  or  to  the  regions 
of  subterranean  fire ;  and  what  is  concealed  tur  below,  is  probably  always 
more  important  in  volume  and  extent  than  what  is  visible  above  ground. 
We  have  already  stated  how  frequently  dense  roasses  of  strata  have 
been  removed  by  denudation  from  wide  areas  (see  Chap.  VI.);  and  this 
^is  45i  fact  prepares  us  to  expect  a  similar  destruc- 

tion of  whatever  may  once  have  formed  the 
uppermost  part  of  ancient  submai-ine  or 
subaerial  volcanos,  more  especially  as  those 
superficial  parts  are  always  of  the  lightest 
and  most  perishable  materials.  The  abrupt 
manner  in  which  dikes  of  ti'ap  usually  ter- 
minate at  the  surface  (see  fig.  454),  and 
stntamierwitBibjatrap  dike,  ana  *''^  water-worn  pebbles  of  trap  in  the  alla- 
oneredwitL  aiiutium,  idum  which  covers  the  dike,  prove  incon- 

tesfably  that  whatever  was  uppermost  in  these  formations  has  been  swept 
away.  It  is  easy,  therefore,  to  conceive  that  what  is  gone  in  regions  of 
ti'ap  may  have  corresponded  to  what  is  now  visible  in  acUve  volcanos. 

It  wilt  be  seen  in  the  foUowing  cbaptei-s,  that  in  the  earth's  crust 
there  are  volcanic  tulfe  of  all  ages,  containing  marine  shells,  which  bear 
witness  to  eruptions  at  many  successive  geological  periods.  These  tufis, 
and  the  associated  trappean  rocks,  must  not  be  compared  to  lava  and 
scorije  which  had  cooled  in  the  open  air.  Their  counterparts  must  be 
sought  in  the  products  of  modem  submaiine  volcanic  eruptions.     If  it 
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be  objected  that  we  have  no  opportunity  of  atudying  these  last,  it  may 
he  answered,  that  subterranean  moTementa  have  caused,  almost  every- 
where iQ  regions  of  active  volcanoa,  great  changea  in  the  relative  level 
of  land  and  sea,  in  times  comparatively  modem,  so  aa  to  expose  to  view 
the  effectB  of  volcanic  operations  at  the  bottom  of  the  sea. 

Thus,  for  example,  the  recent  examination  of  the  igneous  rooks  of 
Sicily,  especially  those  of  the  Val  di  Noto,  has  proved  that  all  the 
more  ordinary  varieties  of  European  trap  have  been  there  produced 
under  the  waters  of  the  sea,  at  a  modern  period;  that  is  to  say,  since 
the  Mediterranean  has  been  inhabited  by  a  great  proportion  of  the 
esisting  species  of  testacca. 

These  igneous  rocks  of  the  Val  di  Noto,  and  the  more  ancient  tiip 
pean  rocks  of  Scotland  and  other  countries,  differ  from  subaerial  volisinic 
formations  in  being  more  compact  and  heavy,  and  in  forming  sometimes 
extensive  sheets  of  matter  intercalated  between  marine  strata,  and 
sometimes  stratified  conglomerates,  of  which  the  rounded  pebbles  are 
all  trap.  They  differ  also  in  the  absence  of  regular  cones  anl  craters, 
and  in  the  want  of  conformity  of  the  lava  to  the  lowest  levels  of  esist 
ing  valleys. 

It  is  highly  probable,  however,  that  insular  cones  did  exist  m  some 
parts  of  the  Val  di  Noto  :  and  that  they  were  removed  by  the  wave'^, 
in  the  same  manner  as  the  cone  of  Graham  island,  in  the  Mediterranean, 
was  swept  away  in  1831,  and  that  of  Nyoe,  off  Iceland,  in  1783.*  All 
tiat  would  remain  in  sueh  eases,  after  the  bed  of  the  sea  has  been  up- 
heaved and  laid  dry,  would  be  dikes  and  shapeless  masses  of  igneous 
rock,  cutting  through  sheets  of  lava  which  may  have  spread  over  the 
level  bottom  of  the  sea,  and  strata  of  tuff,  formed  of  materials  first  scat- 
tered far  and  wide  by  the  winds  and  waves,  and  then  deposited.  Trap 
conglomerate  also,  to  which  the  action  of  the  waves  must  ^ve  rise 
during  the  denudation  of  such  volcanic  islands,  will  emerge  from  the 
deep  whenever  the  bottom  of  the  sea  becomes  land. 

The  proportion  of  volcanic  matter  which  is  originally  submarine  must 
always  be  very  great,  as  those  volcanic  vents  which  are  not  entirely  be- 
neath the  sea,  are  almost  all  of  them  in  islands,  or,  if  on  continents, 
near  the  shore.  This  may  explain  why  extended  sheets  of  trap  so  often 
occur,  instead  of  narrow  threads,  like  lava  streams.  For,  a  multitude 
of  causes  tend,  near  the  land,  to  reduce  the  bottom  of  the  sea  to  a  nearly 
uniform  level,  —  the  sediment  of  rivers, — materials  transported  by  the 
wavM  and  currents  of  the  sea  from  wasting  clifis, — showers  of  sand  and 
scoriaj  ejected  by  volcanos,  and  scattered  by  the  wind  and  waves. 
When,  therefore,  lava  is  poured  ont  on  such  a  surface,  it  will  spread  iar 
and  wide  in  every  direction  in  a  liquid  sheet,  which  may  afterwards, 
when  raised  up,  form  the  tabular  capping  of  the  laud. 

As  to  the  absence  of  porosity  in  the  ti'appean  formations,  the  ap- 
pearances are  in  a  great  degree  deceptive,  for  all  amygdaloids  are,  as 

*  See  Prino.  of  Geol., /nrffi,  ''Graham  Island,"  "  Njiie,"  "Conglomerates, 
voluanic,"  &c. 
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already  explained,  porous  roclrs,  into  the  celia  of  which  mineral  matter, 
such  as  Biles,  cfirbonate  of  lime,  and  other  ingredients,  have  been  sub- 
sequently iatroduced  (see  p.  373);  sometimes,  perhaps,  by  seeretioa 
during  the  cooling  and  consolidation  of  lavas. 

In  the  Little  Cumhray,  one  of  the  Western  Islands,  neai-  Arran,  the 
amygdaloid  sometimes  contains  elongated  eavities  filled  with  brown 
spar;  and  when  the  nodules  have  been  washed  out,  the  interior  of 
the  cavities  is  glazed  with  the  vitreous  varnish  so  characteristic  of  the 
pores  of  slaggy  lavas.  Even  in  some  parts  of  this  rock  which  are  ex- 
cluded from  lur  and  water,  the  cells  are  empty,  and  seem  to  have  always 
remained  in  this  state,  and  are  therefore  undistinguishahle  from  some 
modern  lavaa.* 

Dr.  MacCulIoch,  after  esamining  with  great  attention  these  and  the 
other  igneotis  rocks  of  Scotland,  observes,  "  that  it  is  a  mere  dispute 
about  terms,  to  refuse  to  the  aacient  eruptions  of  trap  the  name  of  sub- 
marine volcanos ;  for  they  are  such  in  every  essential  point,  although 
they  no  longer  ejeot  fire  and  smoke."t  The  same  author  also  considers 
it  not  improbable  that  some  of  the  volcanic  rocks  of  the  same  country 
may  have  been  poured  out  in  the  open  air.J 

Although  the  principal  component  minerals  of  subaerial  lavas  are  the 
same  as  those  of  intrusive  trap,  and  both  the  columnar  and  globular 
structure  are  eonmion  to  both,  there  are,  nevertheless,  some  volcanic 
rocks  which  never  occur  as  lava,  such  as  greenstone,  clinkstone,  the  more 
orystalline  porphyries,  and  those  traps  in  which  quartz  and  mica  appear 
BE  constituent  parts.  In  short,  the  intrusive  trap  rocks,  forming  the 
intermediate  step  between  lava  and  the  plutonic  rocks,  depart  in  their 
characters  from  lava  in  proportion  as  they  approximate  to  granite. 

These  views  respecting  the  relations  of  the  volcanic  and  trap  rocks 
will  he  better  understood  when  the  reader  has  studied,  in  the  33d  chapter, 
what  is  said  of  the  plutonic  formations. 

FOEM,    BTRUCrUEE,   AKD   ORIGIN  OP  VOLCANIC   MOUNTAINS. 

The  origin  of  volcanic  cones  with  crater-shaped  summits  has  been 
alluded  to  in  the  last  chapter  (p.  368),  and  more  fully  explained  in  the 
"Principles  of  Geology"  (chaps,  xsiv.  to  ssvii.),  where  Vesuvius, 
Etna,  Santorin,  and  Barren  Island  were  described.  The  more  aneieut 
portions  of  those  mountains  or  islands,  formed  long  before  tlie  times  of 
history,  exhibit  the  same  external  features  and  infernal  structure  which 
belong  to  most  of  the  extinct  volcanos  of  still  higher  antiquity. 

The  island  of  Palma,  for  example,  one  of  the  Canaries,  offers  an 
excellent  illustration  of  wliat,  in  common  with  many  others,  I  regard 
as  the  ruins  of  a  large  dome-shaped  mass  formed  by  a  series  of  erujf- 
tions  proceeding  from  a  crater  at  the  summit,  this  crater  having  been 

*  MacCuUocli,  IVoat.  Isl.,  vol.  ii.  p. 
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M«n  of  tte  ObUmb  of  Palma  on*  tho  great  myina,  oillod  "Bsmnco  ao  lis  AngasUoa."    Yn 
Sunej  of  tte^t,  VWrnl,  E.  H.,  1837. 

since  replaced  by  a  larger  cavity,  tic  origin  of  which  has  afforded  ge 
gists  an  ample  field  for  discussion  and  speculation. 

Von  Buoh,  in  hie  excellent  account  of  the  Canaries,  has  given  r 
graphic  picture  of  this  island,  which  consists  chiefly  of  a  single  rai 
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tain  (fig.  455),  This  mountaiu  baa  the  general  form  of  a  great  truncated 
cone,  with  a  huge  and  deep  cavity  in  the  middle,  about  sis  miles  in 
diameter,  ca,lled  by  the  inhahitante  "the  Caldera,"  or  cauldron.  The 
range  of  precipices  surrounding  the  Caldera  are  no  less  than  4000  feet 
in  their  average  height ;  at  one  point,  where  they  are  highest,  they  are 
7730  feet  above  the  le^el  of  the  sea.  The  external  flanks  of  the  cone 
incline  gently  in  every  direction  towards  the  base  of  the  island,  and  are 
in  part  cultivated ;  but  the  walls  and  bottom  of  the  Caldera  present  on 
all  sides  rugged  and  uncultivated  rooks,  almost  completely  devoid  of 
vegetation.  So  steep  are  these  walls,  that  there  is  no  part  by  which 
they  can  be  descended,  and  the  only  entrance  is  by  a  great  ravine,  or 
Barranco,  as  it  is  called  (see  h  h',  map,  fig.  456),  which  extends  from 
the  sea  to  the  interior  of  the  great  cavity,  and  by  its  jagged,  broken, 
and  precipitous  sides,  exhibits  to  the  geologist  a  transverse  section  of  the 
rocks  of  which  the  whole  mountain  is  composed.  By  this  means,  we 
learn  tliat  the  cone  is  made  up  of  a  great  number  of  sloping  beds,  which 
dip  outwards  in  every  direction  from  the  centre  of  the  void  space,  or 
from  the  hollow  asis  of  the  cone.  The  beds  consist  chiefly  of  sheets 
of  basalt,  alternating  with  conglomerates;  the  materials  of  the  latter 
being  in  part  rounded,  as  if  rolled  by  water  in  motion.  The  inclina- 
tion of  all  the  beds  corresponds  to  that  of  the  external  slope  of  the 
island,  being  greatest  towards  the  Caldera,  and  least  steep  when  they 
are  nearest  the  sea.  There  are  a  great  number  of  tortuous  veins,  and 
many  dikes  of  lava  or  trap,  chiefly  basaltic,  and  most  of  them  vertical, 
which  cut  through  the  sloping  beds  laid  open  to  view  in  the  great  gorge 
or  Barranco.  These  dikes  and  veins  are  more  and  more  abundant  as  we 
approach  the  Caldera,  being  therefore  most  numerous  where  the  slope 
of  the  beds  is  greatest. 

A^uming  the  cone  to  be  a  pile  of  volcanic  materials  ejected  by  a  long 
succession  of  eruptions  (a  point  on  which  all  geologists  are  agreed),  we 
have  to  account  for  the  Oaldeva  and  the  great  Barranco.  I  conceive  that 
the  cone  itself  may  be  explained,  in  accordance  with  what  we  know  of 
the  ordinary  growth  of  voleanos,*  by  supposing  most  of  the  eruptions 
to  have  taken  place  from  one  or  more  central  vents,  at  or  near  the 
summit  of  the  cone,  before  it  was  truncated.  From  this  culminating 
point,  sheets  of  lava  flowed  down  one  after  the  other,  and  showers  of 
ashes  or  ejected  stones.  The  volcano  may,  in  the  earlier  stages  of  its 
growth,  have  been  in  great  part  submerged,  like  Stromboli,  in  the  sea;  and, 
therefore,  some  of  the  fragments  of  rocks  cast  out  of  its  crater  may  not 
only  have  been  rolled  by  torrents  sweeping  down  the  mountain's  side, 
but  have  also  been  rounded  by  the  waves  of  the  sea,  as  we  see  happen 
on  the  beach  near  Ciitania,  on  which  the  modem  lavas  of  Etna  arc 
broken  up.  The  W'  ■  i^ed  number  of  dikes,  as  we  approach  the  asis 
of  the  cone,  agrees  ■  'i  with  the  hypothesis  of  the  eruptions  having 
been  most  frequent      wards  the  centre. 

There  arc  three  ku!>wn  causes  or  modes  of  operation,  which  may 
*  See  Priaciples,  olinp.  s.tiv,  —  xiLviL 
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have  conduced  towards  the  vast  siac  of  the  Calderii.  Fh-st,  tho  simiinit 
of  a  conical  mountain  may  have  iiillen  in,  as  happened  in  the  case  of 
Capacni-cu,  one  of  the  Andes,  according  to  tradition,  in  the  year  1462, 
and  of  many  other  volcanic  mount-ains.*  Sections  seem  vrantiug,  to 
supply  us  with  all  the  data  required  for  judging  fwrly  of  the  t«nability 
of  this  hypothecs.  It  appears,  however,  from  Captain  Tidal's  survey 
(see  fig.  456),  that  a  hill  of  considerahle  height  rises  up  from  the  bottom 
of  the  Caldera,  the  structure  of  which,  if  it  be  any  where  Iwd  open, 
might  doubtless  throw  much  light  on  this  subject.  Secondly,  an  origi- 
nal crater  may  have  been  enlarged  by  a  vast  gaseons  explosion,  never 
followed  by  any  subsequent  eruption.  A  serious  nbjeelion  to  tliis  theory 
arises  from  our  not  finding  that  the  exttrior  of  the  cune  supports  a  mass 
of  ruius  such  as  ought  to  cover  it,  had  so  enormous  a  volume  of  matter, 
partly  made  up  of  the  solid  cont«nts  of  the  dikes,  been  blown  out  into 
the  air.  In  that  case,  an  extensive  bed  of  angular  fragments  of  stone, 
and  of  fine  dust,  might  be  looked  for,  enveloping  the  entire  exterior  of 
tho  mountain  up  to  the  very  rim  of  the  Caldera,  and  ought  nowhere  to  be 
intersected  by  a  dike.  The  absence  of  such  a  formation  has  induced 
Von  Buch  to  suppose  that  the  missing  poi-tJon  of  the  cone  was  engulphed. 
It  should,  however,  be  remembered,  that  in  existing  volcanos,  large 
craters,  two  or  thi-ee  miles  in  diameter,  are  sometimes  formed  by  explo- 
sions, or  by  the  discharge  of  great  volumes  of  steam. 

There  is  yet  another  cause  to  which  the  extraordinary  dimensions  of 
the  Caldera  may,  in  part  at  least,  be  owing ;  namely,  aqueous  denuda- 
tion. "Von  Buch  has  observed,  that  the  existence  of  a  single  deep 
ravine,  like  the  Great  Barranco,  is  a  phenomenon  common  to  many 
exdnct  volcanos,  as  well  as  to  some  active  ones.  Now,  it  will  be  seen 
by  CaptMu  Yidal's  map  (fig.  456  p.  391),  that  the  sea-cliff  at  Point 
Juan  Graje,  730  feet  high,  now  constituting  the  coast  at  the  entrance 
of  the  great  ravine,  is  continuous  with  an  inland  cliff  which  bounds  the 
same  ravine  on  its  north-westem  side.  No  one  will  dispute  that  the 
precipice,  at  the  base  of  which  the  waves  ore  now  beating,  owes  its 
origin  to  the  undermining  power  of  the  sea.  It  is  natural,  therefore,  to 
-  attribute  the  extension  of  the  same  cliff  to'the  former  action  of  the 
waves  exerted  at  a  time  when  the  relative  level  of  the  island  and  the 
ocean  were  different  from  what  they  are  now.  But  if  the  waves  and 
tides  had  power  to  remove  the  rocks  once  filling  a  great  gorge  which  is 
7  miles  long,  and,  in  its  upper  part,  2000  feet  deep,  can  we  doubt  that 
the  same  power  may  have  cleared  out  much  of  the  stlid  mass  now  miss- 
ing in  the  Great  Caldera  ? 

Tlie  theory  advanced  to  account  for  tlie  configuiation  of  Palma,  com- 
monly cailed  the  "  elevation  crater  theory  if  thi<i  All  the  alternat- 
ing masses  of  basalt  and  conglomerate,  intersected  m  the  Barranco,  or 
abi-uptly  cat  off  in  the  escarpment  or  walls  of  the  Caldeii,  were  at  first 
disposed  in  horizontal  masses  on  the  level  floor  of  tlie  ocean,  and  tra- 
versed, when  in  that  position,  by  all  the  basaltic  dikes  which  now  cut 
»  See  rriodples,  chaps,  xsvi.  ond  xix. ;  8tli  ed.  p.  897  —  476. 
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tLrowgli  them.  At  length  they  were  suddenly  iiphfted  hy  the  explosive 
force  of  elastic  vapours,  which  rMsed  the  mass  bodily,  ao  as  to  tilt  the 
beds  on  all  sides  a,waj  fi-om  the  centi-e  of  elevation,  causing  at  the  same 
time  an  opening  a,t  the  culminating  point.  Besides  many  other  objec- 
tions whioh  may  he  urged  against  this  hypothesis,  it  leaves  unexplained 
the  unhroken  continuity  of  the  rim  of  the  Caldera,  which  is  uninter- 
rapted  in  all  places  save  one,*  namely,  that  where  tie  great  gorge  or 
Barranco  occurs. 

As  a  more  natural  way  of  explaining  the  phenomenon,  the  following 
series  of  events  may  be  imagined.  The  principal  vent,  from  which  a 
large  part  of  the  materials  of  the  cone  were  poured  or  thi-own  out,  was 
left  empty  after  the  last  escape  of  vapour,  when  the  volcano  became 
extinct.  We  learn  from  Mr.  Dana's  valuable  work  on  the  geology  of 
the  United  States'  Exploring  Expedition,  published  in  1849,  that  two 
of  the  principal  volcanoa  of  the  Sandwich  Islands,  Mounts  Loa  and  Kea 
in  Owhyhee,  are  huge  flattened  volcanic  cones,  15,000  feet  high  (see 
fig.  457),  each  equalling  two  and  a  half  Etnas  in  their  dimensions. 


From  the  summits  of  these  lofty  though  featureless  hills,  and  froni 
vents  not  far  below  their  summits,  successive  streams  of  lava,  often 
2  miles  or  more  in  width,  and  sometimes  26  miles  long,  have  flowed. 
They  have  heen  poured  out  one  after  the  other,  some  of  them  in  recent 
times,  in  every  dii-eetion  from  the  apes  of  the  cone,  down  slopes  vary- 
ing on  an  average  from  4  degrees  to  8  degrees ;  hut  at  some  places  con- 
siderably steeper.f  Sometime  deep  rents  open  on  the  sides  of  tliese 
cones,  which  are  filled  by  streams  of  lava  passing  over  them,  the  liquid 
matter  in  such  cases  probably  uniting  in  the  fissure  with  other  lava 
melted  in  subterranean  reservoirs  below,  and  thus  explaining  the  origin 
of  one  great  class  of  lateral  dikes,  on  Etna,  Palma,  and  other  cones. 

If  the  flattened  domes,  such  as  those  here  alhided  to  in  the  Sandwich 
Islands,  instead  of  being  inland,  and  above  water,  were  situated  in  mid- 
ocean,  like  the  island  of  St.  Paul,  and  for  the  most  part  submerged 
(sec  figs.  458,  459,  460),  and  if  a  gradual  upheaval  of  such  a  dome 
should  then  take  place,  the  denuding  power  of  the  sea  could  scarcely 
fail  to  play  an  important  part  in  modifying  the  form  of  the  volcanic 
mountain  as  it  rose.  The  crater  will  almost  invariably  have  one  side 
much  lower  than  all  the  others,  namely,  that  side  towards  which  the 
prevailing  winds  never  blow,  and  to  which,  therefore,  showers  of  dust 
and  scorite  are  rarely  carried  diiring  emptions.  There  will  also  be  one 
*  See  Principles  of  Geol.  ch.  xiiv.  ■}■  See  Lyell  on  Craters  of  Denudation, 
(8tli  ed.  p,  366).  Qunrf.  Geol.  Joum,  vol.  il.  p.  232. 
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point  on  tliia  windwai-d  or  lowest  aide  more  depressed  than  al!  the  rest, 
by  which  the  eea  may  enter  as  often  as  the  tide  rises,  or  aa  often  as  the 
wind  blows  from  that  quarter.  For  the  same  reason  that  the  sea  con- 
tinues to  keep  open  a  single  enti'ance  into  the  lagoon  of  an  atoll  or 
annulai-  coral  reef,  it  will  aot  allow  this  passage  into  the  crater  to  be 
stopped  up,  but  scour  it  out  at  low  tide,  or  as  often  as  the  wind  changes. 
The  channel,  therefore,  will  always  be  deepened  in  proportion  as  the 
island  rises  above  the  level  of  tlie  sea,  at  the  rate  perhaps  of  a  few  feet 
or  yards  in  a  century. 
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The  island  of  St.  Paul  may  perhaps  he  motionless;  but  if,  like  many 
Other  parts  of  the  earth's  crust,  it  should  begin  to  undergo  a  gradual 
upheaval,  or  if,  as  has  happened  to  the  shores  of  the  Bay  of  Boiie,  ite 
level  should  oscillate,  with  a  tendency  upon  the  whole  to  increased  ele- 
vation, the  same  power  which  has  cut  away  pai-t  of  the  cone,  and  caused 
the  clifTs  now  seen  on  the  nortK-east  side  of  the  island,  would  have  power 
to  undermine  the  walls  of  the  crater,  and  enlarge  its  diameter,  keeping 
open  the  channel,  by  which  It  enters  into  it.  This  ravine  might  be 
excavated  to  tlie  depth  of  180  feet  (the  present  depth  of  the  crater), 
and  its  length  might  he  extended  to  many  mi!es,  according  to  the  size 
of  the  submerged  part  of  the  cone.  The  crater  is  only  a  mile  in  diame- 
ter, and  the  surrounding  cliffs,  where  loftiest,  only  SOO  feet  high,  so  that 
the  aiae  of  this  cone  and  crater  is  insignificant  when  compared  to  those 
in  the  Sandwich  Islands,  and  I  have  merely  selected  it  because  it  affords 
an  example  of  a  class  of  insular  volcanos,  into  the  ci-aters  of  which  the 
sea  now  enters  by  a  single  passage.  The  crater  of  Vesuvius  in  1822 
was  2000  'feet  deep ;  and  if  it  were  a  half  submerged  cone,  like  St.  Paul, 
the  excavating  power  of  the  ocean  might,  in  conjunction  with  gaseous 
esplosions  and  co-operating  with  a  gradual  upheaving  force,  give  rise  to 
a  caldera  on  as  grand  a  scale  as  that  exhibited  by  Palma. 

If,  after  the  geographical  changes  above  supposed,  the  volcanic  fires 
long  dormant  should  recover  their  energy,  they  might,  as  in  the  case 
of  Teneriffe,  Vesuvius,  Santorin,  and  Barren  Island,  discharge  from  the 
old  central  vent,  long  sealed  up  at  the  bottom  of  the  caldera,  new  floods 
of  lava  and  clouds  of  elastic  vapours.  Should  this  happen,  a  new  cone 
will  be  built  up  in  the  middle  of  the  cavity  or  circular  bay,  formed, 
partly  by  explosion,  partly  perhaps  fay  engulphment,  and  partly  by 
aqueous  denudation.  In  the  island  of  Palma  this  last  phase  of  volcanic 
activity  has  never  occurred ;  hat  the  subterranean  heat  is  still  in  full 
operation  beneath  the  Canary  Islands,  so  that  we  know  not  what  future 
changes  it  may  be  destined  ta  undergo. 
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CHAPTER  XXX. 

ON   THE  DIFrEHENT  AGES   OP   THE   VOLCANIC  EOCKS. 

Tests  of  relative  nges  of  volonnio  rocks — Test  Iiy  EuperposLtioa  and  iuf 
Dike  of  QnarringtoH  Hill,  Durham  ^Test  by  alteration  of  rocks  in  contact — 
Test  ty  organic  remains — Test  of  age  by  mineral  oharaoter — Test  by  included 
fragments  —  Volcanic  rocks  of  the  Poat-PUocana  period  —  Basalt  of  Bay  of 
Trezzo.  in  Sicily — Post-Pliocene  Toleaaio  rooks  near  Naples — Dikes  of  Somma 
—Igneous  formations  of  the  Newer  Pliocene  period-:-  Val  di  Nolo  in  Sicily. 

Havinq  referred  tbe  sedimentary  strata  to  a  long  succession  of  geo- 
logical periods,  we  have  next  to  consider  how  far  the  volcanic  formations 
can  be  classed  in  a  similar  chronological  order;  The  testa  of  relative 
age  in  this  class  of  rocks  are  four  ; —  1st,  superposition  and  intrusion, 
with  or  without  alteration  of  the  rocks  in  contact;  2d,  organic  remains; 
8d,  mineral  character;  4th,  included  fragments  of  older  rocks. 

Tests  hy  superposition,  &o.  —  If  a  volcanic  rock  rests  upon  an  aqueous 
deposit,  the  former  mast  he  the  newest  of  the  two,  but  the  lite  rule  does 
not  hold  good  where  the  aqueous  formation  rests  upon  the  volcanic,  for 
melted  matter,  rising  from  below,  may  penetrate  a  sedimentary  mass 
without  reaching  the  snrfeice,  or  may  be  forced  in  conformably  between 
two  strata,  as  6  at  D  in  the  annexed  figure  (fig.  461),  after  which  it  may 
cool  down  and  consolidate.     Superposition,  therefore,  is  not  of  the  same 


value  as  a  test  of  ago  in  the  unstratified  volcanic  rocks  aa  in  fossiliforous 
formations.  We  can  only  rely  implicitly  on  this  lest  where  tho  yoloanio 
rooks  are  contemporaneous,  not  where  they  are  intrusive.  Now  they 
are  said  to  bo  contemporaneous  if  produced  by  volcanic  action,  which 
was  going  on  simultaneously  with  the  deposition  of  the  strata  with  which 
they  are  associated.  Thus  in  the  section  at  d  (fig.  461),  we  may  per- 
haps  asoertmn  that  the  trap  b  flowed  over  the  fossiliferous  bed  c,  and 
that,  after  its  consolidation,  a  was  deposited  upon  it,  a  and  cboth  belong- 
ing to  the  same  geological  period.  But  if  the  stratum  a  be  altered  by 
5  at  the  point  of  contact,  we  mi\flt  then  conclude  the  ti'ap  to  have  been 
intrusive,  or  if,  in  pursuing  I  for  some  distance,  we  find  at  length  that 
it  cuts  through  the  stratum  a,  and  then  overlies  it  as  at  e. 

We  may,  however,  be  easily  deceived  in  supposing  a  volcanic  rock  to 
be  intrusive,  when  in  reality  it  is  contemporaneous;  for  a  sheet  of  lava, 
as  it  spreads  over  the  bottom  of  the  sea,  cannot  rest  ei'ery  where  upon 
■  the  same  stratum,  either  because  these  have  been  denuded,  or  because. 
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if  newly  thrown  down,  they  tliin  out  in  certain  places,  thus  allowing  the 
lava  to  cross  their  edges.  Besides,  the  heavy  igneoua  fluid  will  often, 
as  it  movea  along,  cut  a  channel  into  beds  of  soft  mud  and  sand.  Sup- 
pose the  submarine  laya  r  to  have  oome 
in  contact  in  this  manner  with  the  strata 
a,  b,  c,  and  that  after  its  consolidation,  the 
strata  d,  e,  are  thrown  down  in  a  nearly 
horizontal  position,  yet  so  as  to  lie  unoom- 
formahly  to  p,  the  appearance  of  subse- 
quent intrusion  will  here  he  complete,  al- 
though the  trap  is  in  faot  contempora- 
neous. We  must  not,  therefore,  hastily  infer  that  the  rock  F  is  intrusive, 
unless  we  find  the  strata  dor  e  to  have  been  altered  at  their  junotion, 
as  if  by  heat. 

When  trap  dikes  were  desoribed  in  the  preceding  chapter,  they  were 
shown  to  be  more  modem  than  all  the  strata  which  they  traverse.  A 
tiasaltie  dike  at  Quarrington  Hill,  near  Durham,  passes  through  coal- 
measures,  the  strata  of  which  are  inclined,  and  shifted  so  that  those  on 
the  north  side  of  the  dike  are  24  feet  above  the  level  of  the  eorrespond- 


1  the  south  side  (see  section,  fig,  463).  But  the  horizontal 
beds  of  overlying  Red  Sandstone  and  Magnesian  Limestone  are  not  cut 
through  by  the  dike.  Now  here  the  coal-measures  wei-e  not  only  depos- 
ited, but  had  subsequently  been  disturbed,  fissured,  and  shifted,  before 
the  fluid  trap  now  forming  the  dike  was  introduced  into  a  rent.  It  is 
also  clear  that  some  of  the  upper  edges  of  the  coal  strata,  together  with 
the  upper  part  of  the  dike,  had  been  sulraequently  removed  by  denuda- 
tion before  the  lower  New  Red  Sandstone  and  Magnesian  Limestone 
were  superimposed.  BveE  in  this  aee,  however,  although  the  date  of 
the  volcanic  eruption  is  brought  within  narrow  limits,  it  cannot  be  defined 
with  precision ;  it  may  have  happened  either  at  the  close  of  the  Cai'bo- 
niferoua  period,  or  early  in  that  of  the  Lower  New  Red  Sandstone,  oi- 
between  these  two  periods,  when  tlie  state  of  the  animate  creation  and 
the  physical  geography  of  Europe  were  gradually  changing  from  the  t)'pe 
of  tie  Carboniferous  era  to  that  of  the  Permian. 

The  test  of  age  by  superposition  is  strictly  applicable  to  all  stratified 
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TolcaDic  tuffs,  according  to  the  rules  already  explained  in  tte  case  of 
other  aedimcntai-y  deposits.     (See  p.  96.) 

T<»t  of  age  by  organic  remains.— We  have  seen  how,  in  tJic  vicinity 
of  active  volcanos,  scorise,  pamice,  fine  sand,  and  fragments  of  rocks 
are  thrown  up  into  the  air,  and  then  showered  down  upon  the  hind,  or 
into  neighbouring  lakes  or  seas.  In  the  tuffs  so  formed  shells,  corals, 
or  any  other  durable  organic  bodies  which  may  happen  to  bo  strewed 
over  the  bottom  of  a  lake  or  sea  will  be  imbedded,  and  thus  continue  as 
permanent  memorials  of  the  geological  period  when  the  volcanic  eruption 
occurred.  Tufaceons  strata  thus  formed  in  the  neighbourhood  of  Vesn- 
vius,  Etna,  Stromboli,  and  other  volcanos  now  active  in  islands  or  near 
the  sea,  may  give  information  of  the  i-elative  age  of  these  tufis  at  some 
remote  future  period  when  the  fires  of  these  mountains  are  extinguished. 
By  such  evidence  we  can  distinctly  establish  the  coincidence  in  age  of 
voioanio  roclis,  and  the  different  primary,  secondaiy,  and  tertiaiy  fossili- 
ferouB  strata  ah'eady  considered. 

The  tuffs  now  alluded  to  are  not  exclusively  marine,  but  include,  in 
some  places,  freshwater  shells ;  in  others,  the  bones  of  ten-estrial  quad- 
rupeds. The  diversity  of  organic  remains  in  formations  of  this  nature 
is  perfectly  intelligible,  if  we  reflect  on  the  wide  dispersion  of  ejected 
matter  during  lat«  eraptions,  such  as  that  of  the  volcano  of  Coseguina, 
in  the  province  of  Nicaragua,  January  19,  1835.  Hot  cinders  and  fine 
scoriaa  were  then  cast  up  to  a  vast  height,  and  covered  the  ground  as  they 
fell  to  the  depth  of  more  than  10  feet,  and  for  a  distance  of  8  leagues 
from  the  crater  in  a  southerly  direction.  Birds,  cattle,  and  wild  ani- 
mals were  scorched  to  death  in  great  numbers,  and  buried  in  these  ashes. 
Some  volcanic  dust  fell  at  Ohiapa,  upwards  of  1200  miles  to  windward 
of  the  volcano,  a  striking  proof  of  a  countei-  current  in  the  upper  re^on 
of  the  atmosphere ;  and  some  on  Jamaica,  about  TOO  miles  distant  to  the 
north-east.  In  the  sea,  also,  at  the  distance  of  1100  miles  from  the 
point  of  eruption,  Captain  Eden  of  the  Conway  sailed  40  miles  through 
floating  pumice,  among  which  were  some  pieces  of  considerable  size.* 

Test  of  agt  hy  mineral  coviposilion.  —  As  sediment  of  homogeneous 
composition,  when  discharged  from  the  mouth  of  a  large  river,  is  often 
deposited  simultaneously  over  a  wide  space,  so  a  particular  kind  of  lava, 
flowing  from  a  crater  during  one  eruption,  may  spread  over  an  extensive 
area;  as  in  Iceland  in  1783,  when  the  melted  matter,  poured  from 
Skaptar  Jokul,  flowed  in  streams  in  opposite  directions,  and  caused  a 
continuous  mass,  the  esti'eme  points  of  which  were  SO  miles  distant 
from  each  other.  This  enormous  cuii'ent  of  lava  vai-ied  in  thickness 
from  100  feet  to  600  feet,  and  in  breadth  from  that  of  a  narrow  river 
gorgo  to  15  miles,  Now,  if  such  a  mass  should  afterwards  be  divided 
into  separate  fragments  by  denudation,  we  might  stUI  perhaps  identify 
the  detached  portions  by  their  similarity  in  mineral  composition.    Never- 

-  Caldeleugh,  Phil.  Trans.  1886,  p.  27,  and  Official  Documents  of  Niearajma. 
t  See   Prjiioiples,   Iitdex,   "Skaptnr  Jokul." 
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theless,  this  test  will  not  always  avwl  the  geologist ;  for,  although  there 
is  usuiiUy  a  prevailing  character  in  lava  emitted  during  the  same  erup- 
tion, aud  even  in  the  succesMve  currents  flowing  from  the  same  volcano, 
still,  in  many  cases,  the  different  parts  even  of  one  lavarstream,  or,  as 
before  stated,  of  one  continuous  mass  of  trap,  vary  so  much  in  mineral 
composition  and  texture  as  to  render  these  characters  of  minor  import- 
ance when  compared  to  their  value  in  the  chronology  of  the  fossiliferous 
i-oclts. 

It  will,  however,  be  seen  in  the  description  which  follows,  of  the 
European  trap  i-ocks  of  different  ;^s,  that  they  had  often  a  pecnliai- 
lithological  character,  resembling  the  differences  before  remarked  as  ex- 
isting between  the  modern  lavas  of  Vesuvius,  Etna,  and  Chili.  (See 
p.  378.) 

It  has  been  remarked  that  in  Anvergne,  the  Eifel,  and  other  coun- 
tries where  trachyte  and  basalt  are  both  present,  the  trachjtic  rocks  are 
for  the  most  part  older  than  the  basaltic.  These  rocks  do,  indeed,  some- 
times alternate  partially,  as  in  the  volcano  of  Mont  Dor,  in  Auvergne; 
but  the  great  maaa  of  trachyte  occupies  in  general  an  inferior-  position, 
and  is  cut  through  and  overflowed  by  basalt.  ■  It  can  by  no  means  be 
inferred  that  traehyte  predominated  greatly  at  one  period  of  the  earth's 
history  and  basalt  at  another,  for  we  know  that  trachjtic  lavas  have  been 
formed  at  many  successive  periods,  and  are  sfil!  emitted  from  many  active 
craters ;  bnt  it  seems  that  in  each  region,  where  a  long  series  of  eruptions 
have  occiirred,  the  more  felspathic  lavas  have  been  first  emitted,  and  the 
escape  of  the  more  augitic  kinds  has  followed.  The  hypothesis  sug- 
gested by  Mr.  Scrope  may,  perhaps,  afford  a  solution  of  this  problem. 
The  minerals,  he  observes,  which  abound  in  basalt  are  of  a  greater  specific 
gravity  than  those  composing  the  felspathic  lavas ;  thus,  for  example, 
hornblende,  au^te,  and  olirine  are  each  more  than  three  times  the 
weight  of  water;  whereas  ocmmon  felspw,  albite,  and  Labrador  felspar, 
have  each  scai-cely  more  than  2J  times  the  specific  gravity  of  water; 
and  the  difference  is  increased  in  consequence  of  there  being  much  more 
iron  in  a  metallic  state  in  basalt  and  greenstone  than  in  trachyte  and 
other  felspathic  lavas  atid  traps.  If,  therefore,  a  large  quantity  of  rock 
be  melted  up  in  the  bowels  of  the  earth  by  volcanic  heat,  the  denser 
ingredients  of  the  boiling  fluid  may  sink  to  the  bottom  and  the  lighter 
remaining  above  would  in  that  case  be  first  propelled  upwards  to  the 
surface  by  the  expansive  power  of  gases.  Those  materials,  therefore, 
which  occupied  the  lowest  place  in  the  subtcn-auean  reservoh-  will  always 
be  emitted  last,  and  f^o  the  uppermost  place  on  the  exterior  of  the 
earth's  crust. 

Test  by  included  fragments.  -—'Ws  may  sometimes  discover  the  rela- 
tive age  of  two  trap  rocks,  or  of  an  aqueous  deposit  and  the  trap  on 
which  it  rests,  by  finding  fragments  of  one  included  in  the  other,  in 
cases  such  as  those  before  alluded  to,  where  the  evidence  of  superposi- 
tjon  alone  would  he  inauflicient.     It  is  also  not  uncommon  to  fiuil  con- 
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glomecates  almost  esclusively  composed  of  rolled  pebbles  of  trap,  asso- 
ciated with  stratified  rocks  in  the  neighbourhood  of  masses  of  intrusive 
trap.  If  the  pebbles  agree  gi'tr'v.'illj  in  mineral  character  with  the 
latter,  we  are  then  enabled  to  duiuimine  the  age  of  the  intrusive  rock 
by  knowing  that  of  the  fossiliferoua  strata  associated  with  the  conglom- 
erate. The  origin  of  such  conglomerates  is  esplajoed  by  observing  the 
shingle  beaches  composed  of  trap  pebbles  in  modem  volcanic  islands,  or 
at  the  base  of  Etna. 

Posf-fliocme  Period  (including  the  Recent). — I  shall  now  select 
esainplea  of  contemporaneous  volcanic  rocks  of  suecesaive  geological 
periods,  to  show  that  igneous  causes  have  been  in  activity  in  all  past 
ages  of  the  world,  and  that  they  have  been  ever  shifting  the  places 
wheii}  they  have  broken  out  at  the  earth's  surface. 

One  portion  of  the  lavas,  tuffs,  and  trap-dikes  of  Etna,  Vesuvius, 
and  the  Island  of  Ischia,  has  been  produced  within  the  historical  era ; 
another,  and  a  far  more  considerable  part,  originated  at  times  immedi- 
ately aateeedent,  when  the  wafers  of  the  MediteiTanean  were  already 
inhabi(«d  by  the  existing  species  of  testacca-  The  southern  and  eastern 
flanks  of  Etna  are  skirted  by  a  fiinge  of  alt«riiating  sedimentaiy  and 
volcanic  deposits,  of  submarine  origin,  as  at  Ademd,  Treaza,  and  other 
places.  Of  siEty-fi?e  species  of  fossil  shells  which  I  procured  in  1828 
from  this  formation,  near  Ti'ezza,  it  was  impossible  to  distinguish  any 
from  species  now  living  in  the  neighbouring  sea. 

The  Gyclopian  Islands,  called  by  the  SicUians  Dei  Faraglioni,  in  the 
sea-c!iffs  of  which  these  beds  of  clay,  twff,  and  associated  lava  are  laid 
open  to  view,  aie  iituat:>d  in  the  Bji  nf  Trczza,  and  may  be  regarded 


extremity  of  a  promontory  severed  from  the  main  land.     Here 

proofs  ai'e  seen  of  submarine  eruptions,  by  which  the  ai^Ua- 

ceouB  and  sandy  strata  were  invaded  and  cut  through,  and  tufeceous 

breccias  formed.     Inclosed  in  these  breccias  are  many  angular  and  har- 

»  'Jliis  view  of  the  Isle  of  Cyclops  is  from  an  original  drawing  by  my  friend 

the  lata  Captain  Basil  Hall,  R.  N. 
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dened  fragmeuts  of  laminated  clay  in  different  states  of  altematjon  by 
heat,  and  intermixed  with  volcanie  sands. 

The  loftiest  of  the  Ojclopian  islets,  or  rather  rocks,  is  about  200  feet 
ia  height,  the  summit  being  formed  of  a  mass  of  stratified  claj,  the 
lamjnje  of  which  are  occasionally  subdivided  by  thin  arenaceous  layers. 
These  strata  dip  to  the  N.  W.,  and  rest  on  a  mass  of  columnar  lava  (see 
fig.  464),  in  which  the  tops  of  the  pillars  are  weathered,  and  so  rounded 
as  to  be  often  hemispherical.  In  some  plae^  in  the  adjoining  and  hugest 
islet  of  the  group,  which  lies  to  the  north-eastward  of  that  represented 
in  the  drawing  ("fig.  464),  the  overlying  clay  has  been  greatly  altered, 
and  hardened  by  the  igneous  rooi,  and  occasionally  contorted  in  the 
most  extraordinary  manner)  yet  the  lamination  hsa  not  been  obhtcrated, 
but,  on  the  contrary,  rendered  much  more  conspicuous,  by  the  indurat- 
ing process. 

In  the  aunesed  woodcut  (fig.  466)  I  have  represented  a  portion  of 
the  altered  rock,  a  few  feet  square,  where  the  alternating  thin  lamina 
^^  j^  of  sand  and  clay  have  put  on 

the  appearance  which  we  often 
observe  in  some  of  the  most 
contorted  of  the  metaraorpliic 
schists. 

A  great  fissure,  running  from 
east  to  west,  nearly  divides  tbis 
larger  island  into  two  parts,  and 
lays  open  its  internal  structure. 
In  the  section  thus  exhibited,  a 
dike  of  lava  is  seen,  first  cutting 
through  an  older  mass  of  lava, 
and  then  penetrating  the  saper- 
incumbent  tertiary  ati'ata.  In 
one  place  the  lava  ramifies  and 
terminates  in  thin  veins,  from  a 
few  feet  to  a  few  inches  in 
thickness.     (See  fig.  466.) 

The  ai'enaceoua  laminto  are 
much  hardened  at  the  point  of 
contact,  and  the  clays  are  con- 
verted into  siliceous  schist,  In 
this  island  the  altered  rocks  as- 
_a  sumc  a  honeycombed  structure 
I'l"^-  on  their  weathered  sui'face,  sin- 

gularly contrasted  with  the  smooth  and  even  outline  which  the  same 
beds  present  in  their  usual  soft  and  yielding  state. 

The  pores  of  the  kva  are  sometimes  coated,  or  entirely  filled  with 
carbonate  of  lime,  and  witb  a  zeolite  resembling  analoime,  which  has 
been  called  cyclopite.  The  latter  mineral  has  also  been  found  in  small 
fissures  traversing  the  altered  marl,  showing  that  the  same  cause  which 


-c  by  Google 


THE    POST- 


Hay  and  Bfind. 


introduced  the  minerals  into  the  cavities  of  the  laya,  whether  we  sup- 
pose Buhlimation  or  aqueous  infiltration,  conveyed  it  alao  into  the  open 
rente  of  the  contiguous  sedimentary  strata. 

Post- Pliocene  forma^ons  near  Naples. — I  have  traced  in  the  "Prin- 
ciplca  of  Geology"  the  history  of  the  changes  wHoi  the  volcanic  region 
of  Campania  is  known  to  liave  undergone  during  the  last  2000  years. 
The  aggregate  effect  of  igneous  operations  during  that  period  is  far 
from  insignificant,  comprising  as  it  does  the  formation  of  the  modem 
cone  of  Vesuvius  since  the  year  79,  and  the  production  of  several  minor 
cones  in  Ischia,  together  with  that  of  Monte  Nuovo  in  the  year  1538. 
Lava-currenta  hare  also  flowed  upon  the  land  and  along  the  bottom  of 
the  sea — volcanic  sand,  pumice,  and  acorije  have  been  showered  down 
so  abundantly,  that  whole  cities  were  buried  ~  tracts  of  the  sea  have 
been  filled  up  or  converted  into  shoals  —  and  tufaceoua  sediment  has 
been  transported  by  rivers  and  land-floods  to  the  sea.  There  are  also 
proofs,  during  the  same  recent  period,  of  a  permanent  alteration  of  the 
relative  levels  of  the  land  and  sea  in  several  places,  and  of  the  same 
tract  having,  near  Puzzuoli,  been  alternately  upheaved  and  depressed  to 
the  amount  of  more  than  20  feet.  In  connection  with  these  convul- 
sions, there  are  foimd,  on  the  shores  of  the  Bay  of  Baite,  recent  tufe- 
ceoiB  strata,  filled  with  ai'ticles  fabricated  by  the  hands  of  man,  and^ 
mingled  with  marine  shells. 

It  waa  also  stated  in  this  work  (p.  113),  that  when  we  examine  this- 
same  region,  it  is  found  to  consist  largely  of  tufaceous  strata,  of  a  date- 
anterior  to  human  history  or  tradition,  which  are  of  such  thichnera  as' 
to  constitute  hills  from  500  to  more  than  2000  feet  in  height.  These- 
post-pliocene  strata,  contMning  recent  marine  shells,  alternate  with  dis- 
Idnct  currents  and  sheets  of  lava  which  were  of  contemporaneous  origin ; 
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and  we  find  that  in  Veauviua  itself,  tho  ancient  cone  called  Somma  is  of 
feu  greater  volume  than  the  modern  cone,  and  is  intersected  hy  a  far 
greater  numhcr  of  dikes.  In  contrasting  this  ancient  part  of  the  monn- 
tain  with  that  of  modem  date,  one  principal  point  of  difference  is  ob- 
served; namely,  the  greater  frequency  in  the  older  eone  of  fragments 
of  altered  sedimentary  rooks  ejected  during  eruptions.  We  may  easily 
conceive  that  the  first  explosions  would  act  with  the  greatest  violence, 
rending  and  shattering  whatever  solid  masses  obstmcted  the  escape  of 
lava  and  the  accompanying  gases,  so  that  great  heaps  of  ejected  pieces 
of  rock  would  naturally  occur  in  the  tufaceous  breccias  formed  by  the 
earliest  eruptions.  But  when  a  passage  had  once  been  opened,  and  an 
habitual  vent  established,  the  materials  thrown  ont  would  consist  of 
liquid  lava,  which  would  take  the  form  of  sand  and  scoriffl,  or  of  angu- 
lar fragmente  of  such  solid  lavas  as  may  have  choked  np  the  vent. 

Among  the  fragments  which  abound  in  the  tufaccons  breccias  of 
Somma,  none  are  more  common  than  a  saccharold  dolomite,  supposed 
to  have  been  derived  from  an  ordinary  limestone  altered  by  heat  and 
volcanic  vapours. 

Carbonate  of  lime  enters  into  tho  composition  of  so  many  of  the 
wmple  minerals  found  in  Somma,  that  M.  Mitscherlieh,  with  mnch  pro- 
bability, ascribes  their  great  variety  to  the  action  of  the  volcanic  heat 
on  subjacent  masses  of  limestone. 

JXkes  of  Somma.  —  The  dikes  seen  in  the  great  escarpment  which 
Somma  presents  towards  the  modern  cone  of  Vesuvius  ai-e  very  nume- 
rous. They  are  for  the  most  part  vertical,  and  traverse  at  right  angles 
the  beds  of  lava,  scoriae,  volcanic  breccia,  and  sand,  of  which  the  ancient 
cone  is  composed.  They  project  in  relief  several  inches,  or  sometimes 
feet,  from  the  fece  of  the  cliff,  being  extremely  compact,  and  less  de- 
structible than  the  intersected  tuifs  and  porous  lavas.  In  vertical  extent 
they  vary  from  a  few  yards  to  500  feet,  and  in  breadth  from  1  to  12  feet. 
Many  of  them  cut  all  the  inclined  beds  in  the  escarpment  of  Somma 
from  top  to  bottom,  others  stop  short  before  they  ascend  above  half  way, 
and  a  few  terminate  at  both  ends,  either  in  a  point  or  abruptly.  In 
mineral  composition  they  scarcely  differ  from  the  lavas  of  Somma,  the 
rock  consisting  of  a  base  of  leucite  and  augite,  through  which  large 
crystals  of  augite  and  some  of  leucite  ai-e  scattered.*  Examples  are  not 
rare  of  one  dike  cutting  through  another,  and  in  one  instance  a  shift  or 
fault  is  seen  at  the  point  of  intersection. 

In  some  cases,  however,  the  rents  seem  to  have  been  filled  laterally, 
when  the  walla  of  the  crater  had  been  broken  by  stai--shaped  cracks,  as 
seen  in  the  accompanying  wood-cut  (iig.  467).  But  the  shape  of  these 
rents  is  an  exception  to  the  general  rule ;  for  nothing  is  more  remarka- 
ble than  the  usual  paralleUam  of  the  opposite  sides  of  the  dikes,  which 
correspond  almost  as  regularly  as  the  two  opposite  faces  of  a  wall  of 

»  Conanlt  the  valuable  memoir  of  M.  1.  A.  Necker,  M^m.  de  la  Soc.  de  Plija. 
et  d'Hist  Hat.  de  GSnfeve,  torn.  ii.  part.  5.     Nov.  1822. 
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masonry.  This  cliaracter  appears  at  first  tte  more  inexplicable,  when 
wo  conajder  how  jagged  and  Tmeven  are  the  rents  caused  by  earthquakes 
in  masses  of  heterogeneous  composition,  like  those  composing  the  cone 
of  Somma.  In  esplanafion  of  this  phenomenon,  M,  Necker  refers  na 
to  Sir  W.  Hamilton's  account  of  an  eruption  of  Vesuvius  in  the  year 
1779,  who  records  the  following  facts :  —  "  The  lavas,  when  they  either 
hoilod  over  the  crater,  or  hroke  out  from  the  conical  parts  of  the  volcano, 
constantly  formed  channels  as  regular  as  if  they  had  been  eut  hy  art 
down  the  steep  part  of  the  mountain ;  and,  whilst  in  a  staf«  of  perfect 
fusion,  continued  their  course  in  those  channels,  which  were  sometimes 
full  to  the  brim,  and  at  other  times  more  or  less  so,  according  to  the 
quantity  of  matter  in  motion, 

"These  channels,  upon  examination  aftor  an  eruption,  I  have  found 
to  be  in  general  from  two  to  five  or  sis  feet  wide,  and  seven  or  eight 
feet  deep.  They  were  often  hid  from  the  sight  by  a  quantity  of  scoriae 
that  had  formed  a  crust  over  them ;  and  the  lava,  having  been  conveyed 
in  a  covered  way  for  some  yards,  came  out  fresh  again  into  an  open  chan- 
nel. After  an  eruption,  I  have  walked  in  some  of  these  subterraneous 
or  covered  galleries,  which  were  exceedingly  carious,  the  sides,  top,  and 
bottom  ieing  worn  perfectly  smooth  and  even,  in  most  parts,  by  the  vio- 
lence of  the  currents  of  the  red-hot  lavas  which  they  had  conveyed  for 
many  weeks  successively,  "f 

Now,  the  walls  of  a  vertical  fiaaure,  through  which  lava  has  ascended 
in  its  way  to  a  volcanic  vent,  must  have  been  exposed  to  tho  same  ero- 
sion as  the  sides  of  the  channels  before  adverted  to.  The  prolonged  and 
uniform  friction  of  the  heavy  fluid,  as  it  is  forced  and  made  to  flow  up- 
wards, cannot  fail  to  wear  and  smooth  down  the  surfaces  on  which  it 
rubs,  and  the  intense  heat  must  melt  all  such  masses  as  project  and 
»bstruct  the  passage  of  the  incandescent  fluid. 

*  From  a  drawing  of  M.  Necker,  in  M^m.  above  cited. 
t  Phil.  Trana.,  -vol.  Ixx.,  1780. 
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The  texture  of  the  Vesuvian  dik 


middle.     Towards  the  centre,  obacrves  M.  Neekcr,  the  rock 
a  far  more  crystalli 
it  vitreous,  and  always  finer  grained, 
ir  to  pitch  stone, 


difFerent  at  the  edges  and  ii 


grained,  the  component  elements 

while  at  the  edge  the  lava  is  somewht 

A  thin  parting  band,  approaching 

ally  intervenes,  on  the  contact  of  the  vertical  dike  and  intersected 

M.  Neeker  mentions  one  of  these  at  the  place  called  Primo  Monte, 

the  Atrio  del  Gavallo;  and  when  on  Somma,  in  1828,  I  saw  three 

four  others  in  different  parts  of  the  great  escarpment.    These  ph< 

ws  in  perfect  harmony  with  the  results  of  the  experiments  of  Sir  James 

Hall  and  Mr.  Gregory  Watt,  which  have  shown  that  &  glassy  texture  is 

the  effect  of  sudden  cooling,  and  that,  on  the  contrary,  a  crystalline  grain 

is  produced  where  fused  minerals  are  allowed  to  consolidate  slowly  and 

tranquilly  under  high  pressure. 

It  is  evident  that  the  central  portion  of  the  lava  in  a  fissure  would, 
during  consolidation,  part  with  its  heat  more  slowly  than  the  aides, 
although  the  contrast  of  circumstances  would  not  he  so  great  as  when 
we  compare  the  lava  at  the  bottom  and  at  the  surface  of  a  current  flow- 
ing in  the  open  air.  In  this  case  the  uppermost  part,  where  it  has  heen 
in  contact  with  the  atmosphere,  and  where  refrigeration  has  been  most 
rapid,  is  always  found  to  consist  of  Bcoriform,  vitreous,  and  porous  lava ; 
while  at  a  greater  depth  the  mass  assume  a  more  lithoidal  structure, 
and  then  becomes  more  and  more  stony  as  we  descend,  until  at  length 
we  are  able  to  recognize  with  a  magnifying  glass  the  simple  minerals  of 
which  the  rock  is  composed.  On  penetrating  still  deeper,  we  can  detect 
the  constituent  pai-ts  by  the  naked  eye,  and  ia  the  Vesuviaa  currents 
distinct  crystals  of  augite  and  leucite  become  apparent. 

The  same  phenomenon,  observes  M.  Neoker,  may  readily  be  eshibited 
on  a  smaller  scale,  if  we  detach  a  piece  of  liquid  lava  from  a  moving 
current.  The  fragment  cools  instantly,  and  we  find  the  aurfece  covered 
with  a  vitreons  coat  j  while  the  interior,  although  extremely  fino-grained, 
has  a  more  stony  appearance. 

It  mist,  however,  bo  observed,  that  although  the  lateral  portions  of 
the  dikes  are  finer  grained  than  the  central,  yet  the  vitreous  parting 
layer  befoi-e  alluded  to  is  rare  in  Vesuvius.  This  may,  however,  be 
accounted  for,  as  the  above-mentioned  author  suggests,  by  the  great  heat 
which  the  walls  of  a  fissure  may  acquire  before  the  fluid  mass  begins  to 
consolidate,  in  which  case  the  lava,  even  at  the  sides,  would  cool  very 
slowly.  Some  fissures,  also,  may  be  filled  from  above,  as  frequently 
happens  in  the  voleanos  of  the  Sandwich  Islands,  according  to  the  obser- 
vations of  Mr.  Dana;  and  in  this  case  the  refrigeration  at  the  sides 
would  be  more  rapid  than  when  the  melted  matter  flowed  upwards  from 
the  volcanic  foci,  in  an  intensely  heated  state.  Mr,  Darwin  informs  me 
that  in  St.  Helena  almost  every  dike  baa  a  vitreous  selvage. 

The  rock  composing  the  dikes  both  ia  the  modern  and  ancient  part  of 
Vesuvius  is  far  more  compact  than  that  of  ordinary  lava,  for  the  pres- 
sure of  a  column  of  melted  matter  ia  a  fissure  greatly  exceeds  that  ia 
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an  ordinary  stream  of  lava ;  and  pressure  checks  the  espansion  of  those 
gases  which  give  rise  to  vesicles  in  lava. 

There  is  a  tendency  in  almost  all  the  Vesuvian  dikes  to  divide  into 
horizontal  prisms,  a,  phenomenon  in  accordance  with  the  formation  of 
vertical  colnmns  in  horizontal  heds  of  lava ;  for  in  hoth  cases  the  divi- 
siona  which  give  rise  to  the  prismatic  structure  are  at  right  angles  to  the 
cooling  surfaces. 

Newer  Pliocene  Period —  Val  di  No(o.  —  I  have  already  alluded  (see 
p.  150)  to  the  igneous  rocks  which  are  associated  with  a  gi-eat  marine 
formation  of  limestone,  sand,  and  marl,  in  the  southern  part  of  Sicily, 
as  at  Vizzini  and  other  places.  In  this  formation,  which  was  shown  to 
heloag  to  the  Newer  Pliocene  period,  large  beds  of  oysters  and  corals 
reprase  upon  lava,  and  are  unaltered  at  the  point  of  contact.  In  other 
places  we  find  dikes  of  igneous  i-ock  intersecting  the  fossiliferoua  beds, 
and  converting  the  clays  into  siliceous  schist,  the  laminas  being  contorted 
and  shivered  into  innumerable  fragments  at  the  junction,  as  near  the 
town  of  Vizzini. 

The  volcanic  formations  of  the  Val  di  Noto  usually  consist  of  the 
moat  ordinary  variety  of  basalt,  with  or  without  olivine.  The  rock  is 
sometimes  compact,  often  very  vesicular.  The  vesicles  are  oeeasionally 
empty,  both  in  dikes  and  cnrrenta,  and  are  in  some  localities  filled  with 
calcareous  spar,  ari-agonite,  and  zeolites.  The  structure  is,  in  some 
places,  spheroidal ;  in  others,  though  rarely,  coiumnar.  I  found  dikes 
of  amygdaloid,  wack^,  and  prismatic  basalt,  intersecting  the  limestone 
at  the  bottom  of  the  hollow  called  Gozzo  degli  Martiri,  below  Melilli. 

Hikes.  ■—  Dikes  of  vesicular  and  amygdaloidal  lava  are  also  seen  tra- 
versing marine  tuff  or  peperino,  west  of  Palagonia,  some  of  the  pores 
of  the  lava  being  empty,  while  others  are  filled  with  carbonate  of  lime. 


*.  l^perino,  conelaUng  of  vc 


In  such  cases,  we  may  suppose  the  peperino  to  have  resulted  from 
showers  of  volcanic  sand  and  scorife,  together  with  fragments  of  lime- 
stone, thrown  out  by  a  submarine  explosion,  similar  to  that  which  gave 
rise  to  Gfraham  Island  in  1831.  When  the  mass  was,  to  a  certain 
degree,  consolidated,  it  may  have  been  rent  open,  so  that  the  lava 
ascended  through  fissures,  the  walls  of  which  were  perfectly  even  and 
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paiullel.  After  tho  melted  matter  that  filled  the  rent  in  fig.  468  had 
cooleii  down,  it  must  have  been  fractured  and  shifted  horizontally  by  a 
lateral  movement. 

In  the  second  figure  (fig.  469),  the  lava  has  more  the  appearance  of  a 
vein  which  forced  its  way  through  the  peperino.  It  is  highly  probable 
that  similar  appearances  would  be  seen,  if  we  could  examine  the  floor 
of  the  sea  in  that  part  of  the  Mediterranean  where  the  waves  havo 
recently  washed  away  the  new  volcanic  island ;  for  when  a  superincum- 
bent ma^  of  ejected  fragments  has  been  removed  by  denudation,  wo 
may  expect  to  see  sections  of  dikes  traversing  tuff,  or  in  other  words, 
sections  of  the  channels  of  communication  by  which  the  subterranean 
lavas  reached  the  surfiice. 


CHAPTER  XXXI. 

ON   THE   DIFFERENT   AOEB   OF   THE  VOLCANIC  ROCKS  —  continued. 

Volcanic  rocks  of  the  Older  Pliocene  peiioii— Tuscany— Rome— Voleanie  region 
of  Olot  in  Catalonia — Cones  and  !aya-onrrenta — Ravines  and  ancient  gravel- 
beds— Jets  of  air  oalled  BufiKlors — Age  of  (he  Catalonian  volcanos — Miocene 
period  —  Brown  coal  of  the  Eifel  and  oonl«niporaneous  trachjtic  breccias  — 
Age  of  the  brown-coal — Peculiar  characters  of  the  volcanos  of  the  upper  and 
lower  Eifel  —  Lake  craters — Trass  —  Hangarian  volcanos. 

OMer  Pliocene  Period — Tuscany. — In  Tuscany,  as  at  Kadicofani, 
Vjterbo,  and  Aqnapendente,  and  in  the  Campagna  di  Roma,  submarine 
volcanic  tufis  are  interstratified  with  the  Older  Pliocene  strata  of  the 
Snbappennine  hills,  in  such  a  manner  as  to  leave  no  doubt  that  they 
were  the  products  of  emptions  which  occurred  when  the  shelly  mai-ls 
and  sands  of  the  Snbappenine  hills  were  in  the  course  of  deposition. 

Oatalonia.  —  Geologists  ate  far  from  being  able,  as  yet,  to  assign  to 
each  of  the  volcanic  groups  scuttered  over  Europe  a  precise  chronolo- 
gical place  in  the  tertiary  series;  but  I  shall  describe  here,  as  probably 
referable  to  some  part  of  the  Pliocene  period,  a  district  of  extinct  vol- 
canos near  Olot,  in  the  north  of  Spain,  which  is  little  known,  and  which 
I  visited  in  tho  summer  of  1830. 

The  whole  extent  of  country  occupied  by  volcanic  products  in  Cata- 
lonia is  not  more  than  fifteen  geographical  miles  from  north  to  south, 
and  about  sis  from  east  to  west.  The  vents  of  eruption  range  entirely 
within  a  narrow  band  running  north  and  south ;  and  the  branches,  wtich 
are  represented  as  extending  eastward  in  the  map,  are  formed  simply  of 
two  lava-streams — those  of  Citttell  Follit  and  Oellent. 
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Dr  MacCiuTe  the  American  geologist,  waa  the  first  who  made  known 
the  existence  of  these  voloanoa  ;*  and,  according  fo  his  description,  the 
voleanii  region  extended  over  twenty  square  leagues,  fi-om  Araer  to 
Massanet  I  seanhed  in  vain  in  the  environs  of  Massanet,  in  the  Pyre- 
nee""  for  tr'iccs  of  a  lava-current;  and  I  can  say,  with  confidence,  that 
the  adjommg  map  gives  a  correct  view  of  the  true  area  of  the  volcanic 
action 

Geological  stuiclure   of   the   district. —The   eruptions   have  hurst 


o  great  part  of  grey  and 
e  thick  heds  of  nuioinu- 
SHc  limestone.     The  conglomerate  contains  pebbles  of  quarts,  limestone, 


in  ds tone,  to 


entirely  throui^b  fossilifei-ous  rooks,  < 
greenish  sandstone  and  conglomerate,  with  s 

""  e  conglomerate  contains] 

and  Lydian  stone.      This  system  of  rocks  is  very  < 
throughout  Catalonia;  one  of  its  members  being  a 
which  the  celebrated  salt^rock  of  Cardona,  usually  considered  a 
the  cretaceous  era,  is  subordinate. 

Near  Amer,  in  the  Valley  of  the  Ter,  on  the  southern  borders  of  the 
region  delineated  in  the  map,  primary  rocks  are  seen,  consisting  of  gneiss, 
inica-schist,  and  clay-slate.  They  run  in  a  line  nearly  parallel  to  the 
Pyrenees,  and  throw  off  the  fossiliferous  strata  from  their  flanks,  caus- 
ing them  to  dip  to  the  north  and  north-west.    This  dip,  which  is  towards 

«  Maolure,  Joiirn.  de  Phjs,,  vol.  livi.  p.  219,  1808;  cited  by  Daubecy,  De- 
seription  of  Toloanos,  p.  24. 
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the  Pyrenees,  is  coimected  with  a  distinct  asis  of  elevation,  and  pre- 
tmIs  through  the  whole  area  described  in  the  map,  the  inclination  of 
the  heda  heing  sometimes  at  an  angle  of  between  40  and  50  degrees. 

It  is  evident  that  the  physical  geography  of  the  country  has  under- 
gone no  material  change  since  the  commencement  of  the  era  of  the 
yoleanJe  eruptions,  except  such  as  has  resulted  from  the  introduetion  of 
new  hills  of  ecori»,  and  currents  of  lava  upon  the  surfiioe.  If  the  lavas 
could  be  remelted  and  poured  out  agMn  from  their  respective  craters, 
they  would  descead  the  same  valleys  in  which  they  are  now  seen,  and 
re-occupy  the  spaces  which  they  at  present  fill.  The  only  difference  in 
the  external  configuration  of  the  fresh  lavas  woidd  consist  in  this,  that 
they  would  nowhere  be  intersected  hy  ravines,  or  exhibit  marks  of  ero- 
sion by  running  water. 

Volcanic  cones  and  lavas.  —  There  are  about  fourteen  distinct  cones 
with  craters  in  this  part  of  Spain,  besides  several  points  whence  lavas 
may  have  issued;  all  of  them  arranged  along  a  narrow  line  running 
north  and  south,  as  wil!  be  seen  in  the  map.  The  gi'eatcst  number  of 
perfect  cones  are  in  the  immediate  neighbourhood  of  Olot,  some  of  which 
(Nos.  2,  3,  and  6)  are  represented  in  the  annexed  woodcut;  and  the 
level  plain  on  which  that  town  stands  has  clearly  been  produced  by  the 
flowing  down  of  many  lava-streams  from  those  hills  into  the  bottom  of 
a  valley,  probably  once  of  considerable  depth,  like  those  of  the  surround- 
ing corntry 

Fig  ii 


In  this  drawing  an  attempt  is  made  to  represent,  by  the  shading  of 
the  landscape,  the  different  geological  formations  of  which  the  country 
The  white  line  of  mountains  (No,  1)  in  the  distance  is 
,7  is  taken  from  a  alietoh  wliieli  1  made  on  the  ?pot  in  1830. 
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the  Pyrenees,  wtjcli  are  to  tlie  north  of  tho  spectator,  and  eonaist  of  Iiy- 
pogene  and  ancient  fossiliferous  rocks.  In  fi-ont  of  these  are  the  foaaili- 
feiBus  formations  (No.  4)  which  are  ia  shade.  The  Mlla  2,  3,  5  are 
volcanic  cones,  and  the  rest  of  the  ground  on  which  the  sunshine 
falls  is  strewed  oyer  with  volcanic  ashes  and  lava. 

The  Muvia,  which  flows  near  the  town  of  Olot,  has  cut  to  the  depth 
of  only  40  feet  through  the  lavas  of  the  plain  before  mentioned.  The 
bed  of  the  river  is  hard  basalt ;  and  at  the  bridge  of  Santa  Madaleua 
are  seen  two  distinct  lava-currents,  one  above  tlie  other,  separated  by  a 
horizontal  bed  of  Boorise  8  feet  thick. 

In  one  place,  to  the  south  of  Olot,  the  eyea  surface  of  the  plain  is 
broken  by  a  mound  of  lava,  called  the  "Bosque  de  Tosca,"  the  upper 
part  of  which  is  scoriaceoua,  and  covered  with  enormoua  heapa  of  frag- 
menta  of  basalt,  more  or  less  porous.  Between  the  numerous  Jiummoeks 
thus  formed  are  deep  cavities,  having  the  appearance  of  amall  craters. 
The  whole  precisely  resembles  some  of  the  modem  currents  of  Etna,  or 
that  of  C6me,  near  Clermont;  the  last  of  which,  like  the  Bosque  de 
Toaca,  supporls  only  a  scanty  vegetation. 

Moat  of  the  Catalonian  voloanos  are  as  entire  aa  those  in  the  neigh- 
bourhood of  Naples,  or  on  the  flanks  of  Etna.  One  of  these,  called 
Montsacopa  (No.  3,  fig.  471),  is  of  a  very  regular  form,  and  has  a  cir- 
cular depression  or  crater  at  the  summit.  It  is  chiefly  made  up  of  red 
scori£e,  undistinguishable  from  that  of  the  minor  conea  of  Etna.  The 
neighbouring  bills  of  Olivet  (No.  2)  and  Garrinada  (No.  5)  are  of  eimi- 
lar  composition  and  shape.  The  largest  crater  of  the  whole  district 
occurs  farther  to  tie  eaat  of  Olot,  and  is  called  Santa  Margarita.  It  ia 
455  feet  deep,  and  about  a  mile  ia  circumference.  Like  Astroni,  near 
Naples,  it  ia  richly  covered  with  wood,  wherein  game  of  varioua  kinds 
abounds. 

Although  the  voloanos  of  Catalonia  have  broken  out  through  sand- 
stone, ahale,  and  limestone,  as  have  those  of  the  Eifel,  in  Germany,  to 
be  described  in  the  sequel,  there  ia  a  remarkable  difference  in  the  nature 
of  the  ejections  composing  the  cones  in  these  two  regions.  In  the  Eifel, 
the  quantity  of  pieces  of  sandstone  and  shale  thrown  out  fix)m  the  vents 
is  often  so  immense  as  far  to  exceed  in  volume  the  aeori^e,  pumice,  and 
lava ;  but  I  sought  in  vain  in  the  conea  near  Olot  for  a  single  fragment 
of  any  extraneous  rook;  and  Don  Francisco  Boloa,  an  eminet  botanist 


of  Olof,  informed 


been  able  to  detect  any.  Vol- 
canic sand  and  ashes  are  not  confined 
to  the  cones,  but  have  been  some- 
times scattered  by  the  wind  over  the 
country,  and  drifted  into  narrow  val- 
leys, aa  is  aeen  between  Olot  and 
Oellent,  where  the  annexed  section 
(fig.  472)  is  espoaed.  The  light 
cindery  volcanic  matter  rests  in  thin 
regular  layers,  juat  as  it  alighted  on 
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the  slope  formed  by  the  solid  conglomerate.  No  flood  could  have  passed 
through  the  valloy  since  the  scorife  fell,  or  these  would  have  been  for 
the  most  part  removed. 

The  currents  of  lava  in  Catalonia,  like  those  of  Auvergnc,  the  Viva- 
rais,  Iceland,  and  all  mountainous  countries,  are  of  considerable  depth  in 
narrow  defiles,  but  spread  out  into  oomparatlvely  thin  sheets  in  places 
where  the  valleys  widen.  If  a  river  has  flowed  on  nearly  level  ground, 
as  in  the  great  plain  near  Olot,  the  water  has  only  excavated  a  channel 
of  slight  depth ;  bat  where  the  declivity  is  great,  the  stream  has  cut  a 
deep  section,  sometimes  by  penetrating  directly  through  the  eeutral  part 
of  a  lava-eurrent,  but  more  frequently  by  passing  between  the  lava  and 
the  secondary  rock  which  bounds  the  valley.  Thus,  in  the  accompany- 
ing section,  at  the  bridge  of  Cellent,  six  miles  east  of  Olot,  we  see  the 
lava  on  one  side  of  the  small  stream ;  while  the  inclined  stratified  rocks  con- 
stitute the  channel  and  opposite  bant.  The  upper  part  of  the  lava  at  that 
place,  as  is  usualin  the  currents  of  Etnaand  Vesuvius,  ia  acoriaeeous;  iar- 
ther  down  it  becomes  less  porous,  and  assumes  a  spheroidal  sti-ucture ; 
stiUlower  it  divides  in  horizontal  plates,  each  about  2  inches  ir 


and  is  more  compact.  Lastly,  at  the  bottom  is  a  mass  of  prismatic  basalt 
about  five  feet  thick.  The  vertical  columns  often  rest  immediately  on 
the  subjacent  secondary  rocks ;  but  there  is  sometimes  an  intervention 
of  such  sand  and  scorife  as  cover  the  country  during  volcanic  eruptions, 
and  which  when  unprotected,  as  here,  by  superincumbent  lava,  is  washed 
away  from  the  surfitce  of  the  land.  Sometimes,  the  bed  d  contains  a 
few  pebbles  and  angulai-  fragments  of  rock ;  in  other  places  fine  earth, 
which  may  have  constituted  an  ancient  vegefa,ble  soil. 

In  several  localities,  beds  of  sand  and  ashes  are  interposed  between 
the  lava  and  subjacent  stratified  rock,  as  may  be  seen  if  we  follow  the 
course  of  the  lava-current  which  d^cends  from  Las  Planas  towards 
Amer,  and  stops  two  miles  short  of  that  town.  The  river  there  has 
often  cut  through  the  lava,  and  through  18  feet  of  underlying  limestone. 
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Occasionally  aa  alluvium,  several  feet  tLiclt,  is  intei-spersed  between  the 
igneous  and  marine  formation;  and  it  is  interesting  to  remark  that  in 
this,  as  in  other  beds  of  pebbles  occupying  a  similar  position,  there  are 
no  rounded  fragments  of  lava;  whereas  in  the  most  modern  gravel-beds 
of  rivers  of  this  country,  volcanic  pebbles  are  abundant. 

The  deepest  escavatiou  made  by  a  river  through  lava,  which  I  ob- 
served in  this  part  of  Spain,  is  that  seen  in  the  bottom  of  a  valley  near 
Sau  Feliu  de  PalleriSls,  opposite  the  Castell  de  Stolles.  The  lava  there 
has  filled  up  the  bottom  of  a  valley,  and  a  narrow  ravine  has  been  cut 
through  it  to  the  depth  of  100  feet.  In  the  lower  part  the  lava  has  a 
columnar  structure.  A  great  number  of  ages  were  probably  required 
for  the  erosion  of  so  deep  a  ravine ;  but  we  have  no  reason  to  infer  that 
this  current  is  of  higher  antiquity  than  those  of  the  pldn  near  Olot. 
The  fell  of  the  ground,  and  consequent  velocity  of  the  stream,  being  in 
this  case  greater,  a  more  considerable  volume  of  rock  may  have  been 


of  Csatell  Point,  orerlookiM  piflclpicsa  of  1: 


I  shall  describe  one  more  section  to  elucidate  the  phenomena  of  this 
district.  A  lava  stream,  flowing  from  a  ridge  of  hills  on  the  east  of 
Olot,  descends  a  considerable  slope,  until  it  reaches  the  valley  of  the 
river  Fluvia.  Here,  for  the  first  time,  it  comes  in  contact  with  running 
water,  which  has  removed  a  portion,  and  kid  open  itg  internal  structure 
in  a  precipice  about  130  feet  in  height,  at  the  edge  of  which  stands  the 
town  of  Castell  Follit. 

By  the  junction  of  the  rivers  Fluvia  and  Teronel  tho  mass  of  kva  has 
been  cut  away  on  two  sides;  and  the  insular  rock  b  (fig.  Hi)  has  been 
left,  which  was  probably  never  so  high  aa  the  cliff  a,  as  it  may  have  con- 
stituted the  lower  pai-t  of  the  sloping  side  of  the  original  cun'ont. 

From  an  esaminalion  of  the  vertical  cliffs,  it  appears  that  the  upper 
part  of  the  lava  on  which  the  town  is  built  is  scoriaceous,  passing  down- 
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wards  into  a  spheroidal  basaU ;  some  of  the  h 
than  6  feet  in  diameter.  Below  this  is  a  more  compact  basalt,  with  crys- 
tala  of  olivine.  There  are  in  all  five  distinct  ranges  of  hisalt,  the  uppei- 
most  spheroidal,  and  the  rest  prismatic,  separated  by  thinner  beds  not 
columnar,  and  some  of  which  are  schistose  These  were  probably  foimid 
by  successive  flows  of  lava,  whether  duimg  the  same  eruption  or  at  dif 
ferent  periods.  The  whole  mass  rests  on  aJluvmm,  ten  ortwehe  fLtt 
in  thickness,  composed  of  pebbles  of  limestone  and  quartz,  but  without 
any  int-ei-mixture  of  igneous  rocks,  m  which  cirtumstanue  alone  it 
appears  to  differ  from  the  modem  graiel  of  the  Fluvia 

Bufadors.  —  The  volcanic  rocks  near  Olot  h^'ve  often  a  cavernous 
structure,  like  some  of  the  lavas  of  Etna ,  ind  in  miny  parts  of  the  hill 
of  Batet,  in  the  environs  of  the  town,  the  sound  returned  by  the  earth, 
when  struck,  js  like  that  of  an  archway.  At  the  base  of  the  same  hill 
are  the  mouths  of  several  subterranean  caverns,  about  twelve  in  number, 
which  are  called  in  the  country  "  bufadora,"  from  which  a  current  of 
cold  air  issues  during  summer,  but  which  in  winter  is  said  to  be  acMoely 
perceptible.  I  visited  one  of  these  bufadora  in  the  beginning  of  August, 
1830,  when  the  heat  of  the  season  was  unusually  intense,  and  found  a 
cold  wind  blowing  from  it,  which  may  easily  be  explained ;  for  as  the 
external  air,  when  rarefied  by  heat,  ascends,  the  pressure  of  the  colder 
and  heavier  air  of  the  caverns  in  the  interior  of  the  mountain  causes  it 
to  rush  out  to  supply  its  place. 

.  In  regard  to  the  age  of  these  Spanish  volcanos,  attempts  have  been 
made  to  prove,  that  in  this  country,  as  well  as  in  Auvergne  and  the 
Eifel,  the  earliest  inhabitants  were  eye-witnesses  to  the  volcanic  action. 
In  the  year  1421,  it  is  said,  when  Olot  was  destroyed  by  an  earthquake, 
an  eruption  broke  out  near  Amer,  and  consumed  the  f<rwn.  The  re- 
searches of  Don  Francisco  Bolos  have,  I  think,  shown,  in  tie  most 
satisfactory  manner,  that  there  is  no  good  historical  foundation  for  the 
latter  part  of  this  story ;  and  any  geologist  who  has  visited  Amer  must 
be  convinced  that  there  never  was  any  eruption  on  that  spot.  It  is  true 
that,  in  the  year  above  mentioned,  the  whole  of  Olot,  with  the  exception 
of  a  single  house,  was  cast  down  by  an  earthquake ;  one  of  those  shocks 
which,  at  distant  intervals  during  the  last  five  centuries,  have  shaken  the 
Pyrenees,  and  particularly  the  country  between  Perpignan  and  Olot, 
where  the  movements,  at  the  period  alluded  to,  were  most  violent. 

The  annihilation  of  the  town  may,  perhaps,  have  been  due  to  the 
cavernous  nature  of  the  subjacent  rocks ;  for  Catalonia  is  beyond  the 
line  of  those  European  earthquakes  which  have,  within  the  period  of 
history,  destroyed  towns  throughout  extensive  areas. 

As  we  have  no  historical  records,  then,  to  guide  us  in  regard  to  the 
extinct  volcanos,  we  must  appeal  to  geological  monuments.  The  annexed 
diagi-am  will  present  to  the  reader,  in  a  synoptical  form,  the  results  ob- 
tained from  numerous  sections. 

The  more  modern  alluvium  {d)  is  partial,  and  has  been  formed  by 
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tie  action  of  rivers  and  floods  upon  tte  lava;  whereas  tte  older  gravel 
(h)  wa3  strewed  over  tho  country  before  the  volcanic  eruptions.  In 
neither  have  any  organic  remains  been  discovered ;  so  that  we  can  merely 
a£Erm,  as  yet,  that  the  voleanos  broke  out  after  the  elevation  of  some 
of  the  newest  rocia  of  the  nummnlitic  (Eocene  ?)  scries  of  Catalonia, 
and  before  the  formation  of  an  aOuvium  (d)  of  unknown  date.  The 
integrity  of  the  conea  merely  shows  that  the  country  has  not  been  agi- 
tated by  violent  earthquakes,  or  subjected  to  the  action  of  any  great 
transient  flood  since  their  ori^n. 

East  of  Olot,  on  the  Catalonian  coast,  marine  tertiary  strata  ooour, 
which,  near  Barcelona,  attain  the  height  of  about  500  feet.  From  the 
shells  which  I  collected,  these  strata  appear  to  correspond  ia  age  with 
the  Subappenine  beds ;  and  it  is  not  improbable  that  their  upheaval 
from  beneath  the  sea  took  place  during  the  period  of  volcanic  eruption 
round  Olot.  In  that  ease  these  eruptions  may  have  occurred  at  the 
close  of  the  Older  Pliocene  era,  but  perhaps  subsequently,  for  their  age 
ia  at  present  quite  uBcertMu. 

Mocene  period — Volcanic  rocks  of  the  Eiftl. — The  chronological  re- 
lations of  the  volcanic  rocks  of  the  lower  Rhine  and  the  Eifel  are  also 
involved  in  a  considerable  degree  of  ambiguity ;  but  we  know  that  some 
portion  of  them  were  coeval  with  the  deposition  of  a  tertiary  formation, 
called  "Brown-Coal"  by  the  Germans,  which  probably  belongs  to  the 
Miocene,  if  not  referable  to  the  Upper  Eocene,  epoch. 

This  Brown-Ooal  Is  seen  on  both  sides  of  the  Ehine,  in  the  neigh- 
bourhood of  Bonn,  resting  uoconformably  on  highly  inclined  and  ver- 
tical strata  of  Silurian  and  Devonian  roeks.  Its  position,  and  the  space 
occupied  by  the  volcanic  rocks,  both  of  the  Westerwald  and  Eife!,  will 
be  seen  by  referring  Vs  the  map  in  the  nest  page  (fig.  476),  for  which  I 
am  indebted  to  Mr.  Horner,  whose  residence  in  the  country  has  enabled 
him  to  verify  the  maps  of  MM.  Noeggerath  and  Von  Oeynhausen,  from 
which  that  now  given  has  been  principally  compiled. 

The  Brown  coal  formation  consists  of  beds  of  loose  sand,  sandstone, 
and  conglomerate,  clay  with  nodules  of  clay-ironstone,  and  occasionally 
silex.  Layers  of  light  brown,  and  sometimes  black  lignite,  are  inter- 
stratified  with  the  clays  and  sands,  and  often  irregularly  diffused  through 
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thorn.  They  contain  aumeroua  impressions  of  leaves  and  stoma  of  trees, 
and  are  extensively  worked  for  fuel,  whence  the  name  of  the  fonnation. 

In  several  places,  layers  of  trachytic  faff  are  interstratified,  and  in 
these  tuffs  are  leaves  of  plants  identical  with  those  found  in  the  hrown- 
3oa],  showing  that,  during  tie  pei'lod  of  the  accumulation  of  the  latter, 
some  volcanic  products  were  ejected, 

The  varieties  of  wood  in  the  lignite  are  said  to  helong  entirely  to 
dicotyledonous  trees ;  but  among  tlie  impressions  of  leaves,  collected  hy 
Mr.  Homer,  some  were  referred  by  Mv.  Lindley  to  a  palm,  perhaps  of 
the  genus  Cliainxfro^i,  and  others  resembled  the  tt'nnoniomwm.  dii^ce, 
and  Fodocarpws  macrophyUa,  which  would  also  indicate  a  warm  climate,* 

The  other  organic  remains  of  the  hrown-eoal  are  principally  fishes; 
they  are  found  in  a  bituminous   shale,  called  paper-coal,  from  being 
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divisible  into  extremely  ttin  leaves.  Tte  indiyiduala  are  very  numerous ; 
but  they  appear  to  belong  to  ahmt  five  species,  wMch  M.  Agaseiz  in- 
fOTma  me  are  all  extinct,  and  hitherto  peculiar  to  this  brown-CMJ.  They 
belong  to  the  freshwater  genera  Leudscm,  A^ius,  and  Perca.  The 
remains  of  frogs  also,  of  an  extinct  species,  have  been  discovered  in  the 
paper-coal ;  and  a  compiete  aeries  may  be  seen  in  the  museum  at  Bonn, 
from  the  most  imperfect  slate  of  the  tadpole  to  that  of  the  fiill-grown 
animal.  With  these  a  salamander,  scarcely  distinguishable  from  the 
recent  species,  has  been  found,  and  several  remains  of  insects. 

The  brown-coal  was  evidently  a  freshwater  foi-mation ;  but  fossil  shells 
have  been  scarcely  ever  found  in  it ;  although  near  Marienforst,  in  the 
^'ieinity  of  Bonn,  large  blocks  have  been  met  with  of  a  white  opaque 
chert,  containing  numerous  casts  of  freshwater  shells,  which  appear  to 
belong  to  Plcmwbis  roiwiidaim  and  Mimaea  l<mgigcata,  two  species 
common  both  to  the  Middle  and  Upper  Eocene  periods.  It  is  very  pro- 
bable that  the  brown-coal  may  be  connected  in  age  with  those  fluvio- 
marine  formations  which  are  found  in  higher  parts  of  the  valley  of  the 
Ehine,  as  at  Mayence  before  mentioned  (p,  177). 

A  vast  deposit  of  gravel,  chiefly  composed  of  pebbles  of  white  quarte, 
but  containing  also  a  few  fragments  of  other  rocks,  lies  over  the  brown- 
eoal  formation,  forming  sometimes  only  a  thin  covering,  at  otheis  attam 
ing  a  thickness  of  more  than  100  feet.  This  gravel  is  very  distmtfc  m 
character  from  that  now  forming  the  bed  of  the  Ehine.  It  is  called 
"  Kiese!  gerolle  "  by  the  Germans,  often  reaches  great  elevations,  and  is 
covered  in  several  places  with  volcaaic  ejections.  It  is  evident  that  the 
countj'yhas  undergone  great  changes  in  its  physical  geography  since 
this  gravel  was  formed ;  for  its  position  has  scarcely  any  relation  to  the 
existing  drainage  of  the  country,  and  all  the  more  modem  volcanic  rocks 
of  the  same  region  are  posterior  to  it  in  date. 

Some  of  the  newest  beds  of  volcanic  sand,  pumice,  and  scorite  are 
inferstratified  near  Andemach  and  elsewhere  with  the  loaiu  called  loess, 
which  was  before  described  as  being  full  of  land  and  freshwater  shells 
of  recent  species,  and  referable  to  the  Post-Pliocene  period.  I  have 
before  hinted  (see  p.  118)  that  this  intercalation  of  volcanic  matter 
between  beds  of  loess  may  possibly  be  explained  without  supposing  the 
last  eruptions  of  the  Lower  Eifel  to  have  taien  place  so  recently  as  tlte 
era  of  the  deposition  of  the  loess;  but  further  researches  should  be 
directed  to  the  investigation  of  this  curious  point. 

The  igneous  rocks  of  the  Westerwald,  and  of  the  mountains  called 
the  Siebcngebirge,  consist  partly  of  basaltic  and  pai-tly  of  trachytic  kvas, 
the  latter  being  in  general  the  more  ancient  of  the  two.  There  are 
many  varieties  of  ti-achyte,  some  of  which  are  highly  crystalline,  resem- 
bling a  coai-se-grained  granite,  with  large  sepai'afe  crystals  of  felspar. 
Trachytic  tuff  is  also  very  abundant.  These  formations,  some  of  which 
were  certainly  contemporaneous  with  the  origin  of  the  brown-coal,  were 
the  first  of  a  long  series  of  eruptions,  the  more  recent  of  which  hap- 
27 
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pened  when  the  country  had  a' 
features. 

Neuter  volcanos  of  (lie  Eifel.  ~  Lake-craters.  —  As  I  recognized  in 
the  more  modem  volcanos  of  the  Eifel  characters  distinct  from  any  pre- 
Yiously  ohserved  hy  me  in  those  of  Prance,  Italy,  and  Spain,  I  shall 
briefly  descrihe  them.  The  fnndamentaj  rocks  of  the  district  are  grey 
and  red  sandstones  and  shales,  with  some  associated  limestones,  replete 
with  fossils  of  the  Devonian  or  Old  Ked  Sandstone  group.  The  volca- 
nos hrokc  out  in  the  midst  of  these  inclined  sli'ata,  and  when  the  present 
systems  of  hills  and  valleys  had  already  been  formed.  The  eruptions 
occurred  sometimes  at  the  bottom  of  deep  valleys,  sometimes  on  the  sum- 
mit of  hills,  and  frequently  on  intervening  platforms.  In  travelling 
through  this  district  we  often  iiill  upon  them  most  unexpectedly,  and 
may  find  ourselves  on  the  very  edge  of  a  crater  before  we  had  been  led 
to  suspect  that  we  were  approaching  the  site  of  any  igneous  outbntst. 
Thus,  for  example,  ou  arriving  at  the  village  of  Gemnnd,  immediately 
south  of  Daun,  we  leave  the  stream,  which  flows  at  the  bottom  of  a  deep 
valley  in  which  strata  of  sandstone  and  shale  crop  out.  We  then  climb 
a  steep  hill,  on  the  surface  of  which  we  see  the  edges  of  the  same  strata 
dipping  inwards  towvds  the  mountain  When  we  have  ascended  to  a 
considerable  height  we  ■see  fragments  of  ''conse  sparingly  scattered  o 
the  surface;  till,  at  length  n  rexh  n^  tie  suum  t  ^e  fan' 
suddenly  on  the  ed^e  of  a  (o         i  Ic  }  c  K  \lar  lake  1  iim 


This,  which  is  called  the  Gemunder  Maar,  is  the  first  of  three  lakes 
which  are  in  immediate  contact,  the  same  ridge  forming  the  barrier  of 
two  neighbouring  cavities  (see  fig.  477).  On  viewing  the  first  of  these, 
wc  recognize  the  ordinary  form  of  a  crater,  for  which  we  have  been  pre- 
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pared  by  the  occurrence  of  soorife  scattered  over  the  surface  of  the  soil. 
But  on  esarainjng  the  walls  of  the  crater  we  find  precipicea  of  sandstone 
and  shale  which  exhihit  no  signs  of  the  action  of  heat ;  and  we  look  in 
vain  for  those  beds  of  lava  and  scoriae,  dipping  in  opposite  directions  on 
CYery  side,  which  we  have  been  aoonstomed  to  consider  as  characteristic 
of  volcanic  cratei-s.  As  we  proceed,  however,  to  the  opposite  side  of  the 
lake,  and  afterwards  visit  the  craters  c  and  d  (fig.  478),  we  find  a  con- 
siderable quantity  of  scorias  and  somo  lava,  and  see  the  whole  surface  of 
the  soil  sparkling  with  volcanic  sand,  and  strewed  with  fragmenta  of 
half-fused  shale,  which  preserves  its  laminated  texture  in  the  interior, 
while  it  has  a  vitrified  or  scoriform  coating. 

A  few  miles  to  the  south  of  the  lakes  above  mentioned  occurs  the 
Pulvermaar  of  Uillenfeld,  an  oval  lake  of  very  regular  form,  and  sur- 
rounded by  an  unbroken  ridge  of  fragmentary  materials,  consisting  of 
ejected  shale  and  sandstone,  and  preserving  a  uniform  height  of  about 
150  feet  above  the  water.  The  side  slope  in  the  interior  is  at  an  angle 
of  about  45  degrees;  on  the  exterior,  of  35  degrees.  Volcanic  sob- 
stances  are  intermixed  very  smringly  with  the  ejections,  which  in  this 
place  entirely  conceal  from  view  the  stratified  rocks  of  the  country.* 

The  Meerfelder  Maar  is  a  cavity  of  for  greater  size  and  deplb,  hol- 
lowed out  of  similar  strata ;  the  sides  presenting  some  abrupt  sections 
of  inclined  secondary  rocks,  which  in  other  places  are  buried  under  vast 
heaps  of  pulverized  shale.  I  could  discover  no  scorife  amongst  the 
ejected  materials,  but  balls  of  olivine  and  other  volcanic  substances  are 
mentioned  as  having  been  found.f  This  cavity,  which  we  must  suppose 
to  have  discharged  an  immense  volume  of  gas,  is  nearly  a  mile  in  diame- 
ter, and  is  said  to  be  more  than  one  hundred  fiitboms  deep.  In  the 
neighbourhood  is  a  mounbun  called  the  Mosenberg,  which  consists  of 
red  sandstone  and  shale  in  its  lower  parts,  but  supports  on  its  summit  a 
triple  volcanic  cone,  while  a  distinct  current  of  lava  is  seen  descending: 
the  flanks  of  the  mountain.  The  edge  of  the  crater  of  tie  largest  cone> 
reminded  me  much  of  the  form  and  characters  of  that  of  Vesuvius;  but 
I  was  much  struck  with  the  precipitous  and  almost  overhanging  wall  or- 
parapet  which  the  scorise  presented  towards  the  exterior,  as  at  a  6  (fig., 
479) ;  which  I  can  only  explain  by  supposing  that  fragments  of  red-hot 


*  Sorope,  Edia.  Journ.  of  Sei,,  June,  1826,  p. 
f  Hibbert,  Extinct  Volcanos  of  tlie  Khine,  p.  2 
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lava,  aa  they  fell  round  the  vent,  were  cemented  together  into  one  com- 
pact mass,  in  consequence  of  continuing  to  lie  in  a  half-melted  state. 

K  we  pass  from  the  upper  to  tie  lower  Eifel,  from  a  to  b  (see  mapj 
p.  416),  we  find  the  celebrated  lake-crater  or  Laach,  which  has  a  greater 
resemblance  than  aay  of  those  before  mentioned  to  the  Lago  di  Bolsena, 
and  others  in  Italy — ^being  surronnded  by  a  ridge  of  gently  sloping  hills, 
composed  of  loose  tufi,  acorise,  and  blocks  of  a  variety  of  lavas. 

One  of  the  most  interesting  volcamos  on  the  left  bank  of  the  Rhine 
is  called  the  Roderberg.  It  forms  a  circular  crater  nearly  a  quai'ter  of 
a  mile  in  diameter,  and  100  feet  deep,  now  covered  with  fielcis  of  com. 
The  highly  inclined  strata  of  ancient  sandstone  and  shale  rise  even  to 
the  rim  of  one  side  of  the  crater ;  but  they  are  overspread  by  quai'tzose 
gravel,  and  this  again  is  covered  bj  volcanic  acorise  and  tnfaceons  sand. 
The  opposite  wall  of  the  crater  is  composed  of  cindera  and  scorified 
rook,  like  that  at  tlie  summit  of  Veauvias.  It  is  quite  evident  that  the 
eruption  in  this  case  burst  through  the  aandstone  and  alluvium  which 
immediately  overliea  it;  and  I  observed  some  of  the  quartz  pebbles 
mixed  with  acorias  on  the  flanks  of  the  mountain,  as  if  they  had  been 
cast  up  into  the  air,  and  had  fallen  again  with  the  volcanic  ashes.  I 
have  already  obseryed,  that  a  large  part  of  this  crater  has  been  filled  up 
with  loess  (p.  118). 

The  most  striking  peculiarity  of  a  great  many  of  the  craters  above 
described,  is  the  absence  of  any  signs  of  alteration  or  terrefaction  in 
their  walls,  when  these  are  composed  of  regular  strata  of  ancient  sand- 
atone  and  shale,  It  is  evident  that  the  summits  of  hUls  formed  of  the 
above-mentioned  stratified  rocks  have,  in  some  eases,  been  carried  away 
by  gaseous  explosions,  while  at  the  same  time  no  lava,  and  often  a  very 
small  quantity  of  scoriae,  has  escaped  from  the  newly-formed  cavity. 
There  is,  indeed,  no  feature  in  the  Eifel  volcanos  more  worthy  of  note, 
than  the  proofs  they  afford  of  very  copious  aeriform  discharges,  unac- 
companied by  the  pouring  out  of  melted  matter,  except,  here  and  there, 
in  very  insignificant  volume,  I  know  of  no  other  extinct  volcanos 
where  gaseous  explosions  of  such  magnitude  have  been  attended  by  the 
emission  of  so  small  a  quantity  of  lava.  Yet  I  looked  in  vain  in  the 
Eifel  for  any  appearances  which  could  lend  support  to  the  hypothesis, 
that  the  sudden  rushing  out  of  such  enormous  volumes  of  gas  had  ever 
lifted  up  the  stratified  rocks  immeliately  aiound  the  vent  «o  a«  to  foim 
conical  masses  having  their  stntd  dipping  cutwards  on  all  side«  fiom  a 
central  axis  aa  i''  aisumcd  in  the  the  ry  of  Jevatim  crater  alluded  to 
at  the  (.nd  )f  Chap  XXIX 

T  a'is  — In  the  LowLr  Eiftl  en ptaoni  c f  trachyfi  la\ i  preceded  tht 
emi  s  on  of  cinents  of  bisalt  anl  immense  quintit  e"  of  pun  ice  weie 
thiown  utwheievei  tra  byte  issue  1  The  lufnceou'j  alluvium  called 
iri-^  which  has  covered  large  are<>s  in  thi*!  rej,ion  and  choked  up  aome 
valleys  now  partially  re-escavi,ted  is  unitratsfied  Its  bis  conaiats 
almost  entirely  f  pimice  in  which  le  mduded  fiagment'S  of  la^alt 
anlothcilavi     pieces    f  burnt   1  ale     Lt     an!  'iinlst  ne  anl  numo 
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roiM  trunks  and  branches  of  tieea.  If  this  trass  was  formed  during  the 
period  of  volcanic  eruptions  it  may  perhaps  have  originated  in  the  man- 
ner of  the  moja  of  the  Andes. 

We  may  easily  conceive  tbat  a  similar  mass  might  now  he  produced, 
if  a  oopioufi  evolution  of  gases  should  occur  in  one  of  the  lake  basins. 
The  water  might  remain  for  weeks  in  a  state  of  violent  ebullition,  until 
it  became  of  the  consistency  of  mud,  just  as  the  sea  continued  to  be 
charged  with  red  mud  i-ound  Graham's  Island,  in  the  Mediterranean,  in 
the  year  1831.  If  a  breach  should  then  be  made  in  the  side  of  the 
cone,  the  flood  would  sweep  away  great  heaps  of  ejected  fragments  of 
shale  and  sandstone,  which  would  be  borne  down  into  the  adjoining 
valleys.  Forests  might  be  torn  up  by  such  a  flood,  and  thus  the  occur- 
rence of  the  numerous  ti'unks  of  trees  dispersed  irregularly  through  the 
trass,  can  be  esplained. 

Evfngary. — M.  Beudant,  in  his  elaborate  work  on  Himgary,  describes 
five  distinct  groups  of  volcanic  rocks,  which,  although  nowhere  of  great 
extent,  form  striking  features  in  the  physical  geography  of  that  country, 
rising  as  they  do  abruptly  from  extensive  plains  composed  of  tertiary 
stJ-ata.  They  may  have  constituted  islands  in  the  ancient  sea,  as  Santo- 
rin  and  Miio  now  do  in  the  Grecian  Archipelago;  and  M.  Beudant  has 
remarked  that  the  mineral  products  of  the  last-mentioned  islands  resem- 
ble remarkably  those  of  the  Hungarian  extinct  volcanos,  where  many 
of  the  same  minerals,  as  opal,  calcedony,  resinous  siles  (silex,  rennite), 
pearlite,  obsidian,  and  pitchstone  abound. 

The  Hungarian  lavas  are  chiefly  felspathic,  consisting  of  different 
varieties  of  trachyte ;  many  are  cellular,  and  used  as  millstones ;  some 
so  porous  and  even  scoriform  as  to  resemble  those  which  have  issued  in 
the  open  air.  Pumice  occurs  in  great  quantity ;  and  there  are  conglom- 
erates, or  rather  breccias,  wherein  fragments  of  trachyte  are  bound 
together  by  pumiceous  tuff,  or  sometimes  by  siles. 

It  is  probable  that  these  rooks  were  permeated  by  the  waters  of  hot 
springs,  impregnated,  like  the  Geysers,  with  silica ;  or  in  some  instances, 
perhaps,  by  aqueous  vapours,  whicJi,  like  those  of  Lancerote,  may  have 
precipitated  hydrate  of  silica. 

By  the  influence  of  such  springs  or  vapours  the  trunks  and  branches 
of  trees  washed  down  during  floods,  and  buried  in  tufia  on  the  flamls 
of  the  mountains,  are  supposed  to  have  become  silicificd.  It  is  scarcely 
possible,  says  M.  Beudant,  to  dig  into  any  of  the  pumiceous  deposits  of 
these  mountains  without  meeting  with  opalized  wood,  and  sometimes 
entire  silieified  trunks  of  trees  of  great  size  and  weight. 

It  appears  from  the  species  of  shells  collected  .principally  by  M.  Bou6, 
and  examined  by  M.  Deshay^,  that  the  ffssil  remains  imbedded  in  the 
volcanic  tuffs,  and  in  strata  alternating  with  them  in  Hungary,  are  of 
the  Miocene  type,  and  not  identical,  as  was  formerly  supposed,  with  the 
fossils  of  the  Paris  basin. 
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CHAPTEK  XXXII. 

ON  THE   DIFFERENT   ACES   nr   THE  VOLCANIC  ROCKS — CUnlinmd. 

Volflimio  roclts  of  tLe  riiocene  and  Miocene  periods  eoiitiaued  — AuvorgHe  — 
Mont  Dor— Breoeiaa  ond  alluTiiims  of  Mont  Perrier,  with  tonas  of  quadrapede 
— Eiver  damnieti  up  by  laTLU-cuirant — Eango  of  minor  conos  from  Auvorgoe 
to  the  ViyaraiB  — MoQts  Dome  — Puj  de  CSma  — Pnj  de  ParJou  — Cones  not 
denuded  by  general  flood — Velay —  Bones  of  quadrupeds  buried  in  aooriaj  — 
CantaJ  — Eocene  voloanic  rooks  — Tufl^B  near  Clermont— Hill  of  Gergovia  — 
Trap  of  Cretaceous  period  — OolitJe  period  — Now  Red  Sandstone  period  — 
Carbonifarous  period— Old  Red  Sandstone  period—"  Root  and  Spindle"  noar 
St.  Andrews — Silurian  period— Cambrian  volcanic  roclis. 

Tertiart/  Vblcame  Sods  ~~  Auvei-ffne. —  Tbe  extinct  volcanoa  of 
Auvergne  and  Cajital  in  Central  Trance  seem  to  liave  commenced  their 
eruptions  in  the  Upper  Eocene  period,  hut  to  have  been  most  active 
during  the  Miocene  and  Pliocene  eras,  I  haye  already  alluded  to  the 
grand  succession  of  eventfl,  of  which  there  is  evidence  in  Auvergne 
since  the  last  retreat  of  the  sea  (see  p.  178). 

The  earliest  monuments  of  the  tertiary  period  in  that  region  are 
lacustrine  deposits  of  great  thickness  (2,  fig.  480,  p.  424),  in  the  lowest 
conglomerates  of  which  are  rounded  pebhles  of  quartz,  mica-schiat, 
granite,  and  other  non-vo!canic  rocks,  without  the  slightest  intermixture 
of  igneous  products.  To  these  conglomerates  succeed  argillaceous  and 
calcareous  marls  and  limestones  (3,  fig.  480)  containing  upper  Eocene 
shells  and  bones  of  mammalia,  the  higher  beds  of  which  sometimes  al- 
ternate with  volcanic  tuff  of  contemporaneous  origin.  After  the  filling 
np  or  drainage  of  the  snoient  kkes,  huge  piles  of  trachyHc  and  basaltic 
rocks,  with  volcanic  breccias,  accumulated  to  a  thickness  of  several  thou- 
sand feet,  and  were  superunposod  upon  granite,  or  the  contiguous  lacus- 
trine strata.  The  greater  portion  of  these  igneous  rocks  appear  to  have 
originated  during  the  Miocene  and  Pliocene  peiiods;  and  extinct  quad- 
rupeds of  those  ei-as,  belonging  to  the  genera  Mastodon,  Rhinoceros, 
and  others,  were  buried  in  ashes  and  beds  of  alluvial  sand  and  gravel, 
which  owe  their  preservation  to  overspreading  sheets  of  hiva. 

In  Auvergne  the  most  ancient  and  conspicuous  of  the  volcanic  masses 
is  Mont  Dor,  which  rests  immediately  on  the  granitic  rocks  standing 
apart  from  the  fresh-water  strata.*  This  great  mountain  rises  suddenly 
to  the  height  of  several  thousand  feet  above  the  surronnding  platform, 
and  retains  the  shape  of  a  flattened  and  somewhat  irregular  cone,  all  the 
sides  sloping  more  or  less  rapidly,  until  their  inclination  is  gradually 
lost  in  the  high  plain  around.  This  cone  is  composed  of  layers  of  scorite, 
pumice  stones,  and  their  fine  detritus,  with  interposed  beds  of  trachyte 
*  See  the  map,  p.  179. 
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and  basalt,  wtieh  descend  often  in  uninteiTupted  sheets,  till  they  reach 
and  spread  themsehea  round  the  fcase  of  the  mountalE.*  Conglome- 
rates also,  composed  of  angular  and  rounded  fragments  of  igneous  rocks, 
are  observed  to  alternate  with  the  above ;  and  the  various  masses  are 
seen  to  dip  off  from  the  central  asis,  and  to  lie  parallel  to  the  sloping 
flanks  of  the  mountain. 

The  summit  of  Mont  Dor  terminates  in  seven  or  eight  rocky  peaks, 
where  no  regular  crater  can  now  be  traced,  but  where  we  may  easily 
imagine  one  to  have  esisted,  which  may  have  been  shattered  by  earth- 
quakes, and  have  suffered  degradation  by  aqueous  agents.  Originally, 
perhaps,  like  the  highest  crater  of  Etna,  it  may  have  formed  an  insig- 
nificant feature  iu  the  great  pile,  and  may  frequently  have  been  destroyed 
and  renovated. 

According  to  some  geolo^sts,  this  mountain,  as  well  as  Vesuvius, 
Etna,  and  all  large  volcanos,  has  derived  its  dome-like  form  not  from 
the  preponderance  of  eruptions  from  one  or  more  central  points,  but 
from  the  upheaval  of  horizontal  beds  of  lava  and  scoiias.  I  have 
explained  my  reasons  for  objecting  to  this  view  at  the  close  of  Chap. 
XXIX.,  when  speaking  of  Palma,  and  in  the  I'rinciples  of  Geology.f 
The  average  inclination  of  the  dome-shaped  mass  of  Mont  Dor  ia  8°  6', 
whereas  in  Mounts  Loa  and  Kea,  before  mentioned,  in  the  Sandwich 
Islands  (see  fig.  45T,  p.  S94),  the  flanks  of  which  have  been  raised  by 
recent  lavas,  we  find  from  Mr.  Dana's  description  that  the  one  has  a 
elope  of  6°  30',  the  other  of  7°  46'.  We  may,  therefore,  reasonably 
question  whether  there  is  any  absolute  necessity  for  supposing  that  the 
basaltic  currents  of  the  ancient  French  volcano  were  at  first  more  hori- 
zontal than  they  are  now.  Nevertheless  it  is  highly  probable  that 
during  the  long  series  of  eruptions  required  to  give  rise  to  so  vast  a  pile 
of  volcanic  matter,  which  is  thickest  at  the  summit  or  centre  of  the 
dome,  some  dislocation  and  upheaval  taok  place ;  and  during  the  disten- 
sion of  the  mass,  beds  of  lava  and  scoriae  may,  in  some  places,  have 
acquired  a  greater,  in  others  a  leas  inclination,  than  that  which  at  first 


Eespecting  the  age  of  the  great  mass  of  Mont  Dor,  we  cannot  come 
at  present  to  any  positive  decbion,  because  no  organio  remains  have  yet 
been  found  in  the  tuffs,  except  impressions  of  the  leaves  of  trees  of 
species  not  yet  determined.  We  may  certainly  conclude,  that  the  ear- 
liest eruption  were  posterior  in  origin  to  those  gnts,  and  conglomerates 
of  the  fresh-water  fonnation  of  the  Limagne,  which  contain  no  pebbles 
of  volcanic  rocks;  while,  on  the  other  hand,  some  eruptions  took  place 
before  the  great  lakes  were  diMned ;  and  .others  occurred  after  the 
desiccation  of  those  lakes,  and  when  deep  valleys  had  aleady  been  exca- 
vated through  fresh-water  strata. 

In  the  annexed  section,  I  have  endeavoured  to  esphiin  the  geological 
structure  of  a  portion  of  Auvergne,  which  I  i-e-examined  in  1843.];     It 

*  Serope's  Central  France,  p.  98. 

■]■  See  elispa.  sxiv.,  xxv.,  and  sivi.,  7tli  and  8th  editions. 

J  See  Quarterlj  Geol.  Journ.,  vol.  ii.  p.  77. 
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SetA  n  ftom  the  TBilej  of  tbe  Ccmia  at  Ncflhen,  ilirongh  Mont  Pem     end  I0BO  n  to  th  TbI 
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E  c  Tnehjtlo  l)»iid>  leseiiLblbig 't  a. 

SMa,* 

1.  Gmnite. 

may  convey  some  idea  to  the  reader  of  the  long  and  comphc  ited  series 
of  events  which  have  occurred  in  that  country,  ainie  the  first  la&ustnne 
strata  (No.  2)  were  deposited  on  the  granite  (No  I'l  The  ehangei  of 
which  we  have  evidence  are  the  more  etriting,  because  they  imply  great 
denudation,  without  there  heing  any  proofs  of  the  intervention  of  the 
sea  during  tie  whole  period.  It  will  he  seen  that  the  uppei  fieah  watei 
beds  (No.  3_),  once  formed  in  a  lake,  mnat  have  suffered  great  destruc- 
tion before  the  excavation  of  the  valleys  of  the  Couze  and  Allier  had 
begun.  In  these  fesh-water  beds.  Upper  Eocene  fossils,  as  described 
in  Chap.  XV.,  have  been  found.  The  basaltic  dike  4'  is  one  of  many 
examples  of  the  intrusion  of  volcanic  matter  through  the  Eocene  fresh- 
water beds,  and  may  have  been  of  Upper  Eocene  or  Miocene  date,  giv- 
ing rise,  when  it  reached  the  surface  and  overflowed,  to  such  platforms 
of  basalt,  as  often  cap  the  tertiary  hUls  in  Auvergne,  and  one  of  which 
(4)  is  seen  on  Mont  Porrier. 

It  not  unfrequently  happens  that  beds  of  gravel  containing  bones  of 
extinct  mammalia  are  detected  under  these  very  ancient  sheets  of  basalt, 
as  between  No.  4  and  the  fi'esh-water  strata,  No.  3,  at  a,  from  which  it 
is  clear  that  the  surface  of  8  formed  at  that  period  the  lowest  level  at 
which  the  waters  then  draining  the  country  flowed  Next  m  ige  to  this 
basaltic  platform  comes  a  patch  of  ochreous  sind  and  gr^^el  (No.  5), 
containing  many  bones  of  quadrupeds.  Upon  this  rests  a  pumiceous 
breccia  and  conglomerate,  with  angular  masses  of  frichjfc,  ^nd  some 
quarta  pebbles.  This  deposit  is  followed  by  5  6,  which  is  similar  to  5, 
and  5  c  similar  to  the  traehytic  breccia  5  a.  Theie  two  breccias  are 
supposed,  from  their  similarity  to  others  found  on  Mount  Dor,  to  have 
descended  from  the  flanks  of  that  mountain  during  eruptions ;  and  the 
interstratificd  alluvial  deposits  contain  the  remains  of  mastodon,  rhino- 
ceros, tapir,  deer,  beaver,  and  quadrupeds  of  other  genera  referable  to 
about  forty  species,  all  of  which  are  extinct.  I  formerly  supposed  them 
to  belong  to  the  same  era  as  the  Miocene  faluas  of  Tourainej  but, 
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wbether  thcj  may  not  rather  be  ascribed  to  the  older  Pliocene  epoch  is 
a  question  which  farther  inquiries  and  comparisons  must  detemiiue. 

Whaf«ver  he  their  date  in  the  tevljary  series,  they  are  quadrupeds 
which  inhabited  the  country  when  the  formations  5  and  5  c  originated. 
ProbaWy  they  were  drowned  during  floods,  such  as  rush  down  the 
flanks  of  volcanos  during  eruptions,  when  great  bodies  of  steam  are 
emitted  from  the  crater,  or  when,  as  we  have  seen,  both  on  Etna  and  ia 
Iceland  in  modern  times,  large  masses  of  snow  are  suddenly  melted  by 
lava,  causing  a  deluge  of  water  to  hear  down  the  fragments  of  igneous 
rocks  mixed  with  mud,  to  the  valleys  and  plains  below. 

It  will  be  seen  that  the  valley  of  the  Issoire,  down  which  these  an- 
cient inundations  swept,  was  first  excavated  at  the  expense  of  the  for- 
mations 2,  3,  and  4,  and  then  filled  up  by  the  masses  5  and  5  c,  after 
which  it  was  re-escavated  before  the  more  modern  alluviums  (Noa.  6  and 
7)  were  formed.  In  these  again  other  fossil  mammalia  of  distinct  species 
have  been  detected  by  M.  Bravatd,  the  bones  of  an  hippopotamus  having 
been  found  among  the  rest. 

At  length,  when  the  valley  of  the  AUier  was  eroded  at  Issoire  down 
to  its  lowest  level,  a  talus  of  angular  fragments  of  basalt  and  freshwater 
limestone  (No.  8)  was  formed,  called  the  bone-bed  of  the  Tour  de  Bou- 
lade,  from  which  a  great  many  other  mammalia  have  been  collected  by 
MM.  Bravai-d  and  Pomel,  In  this  assemblage  the  Elephus primigcnius 
Rhinoceros  tidiorinus,  Deer  (including  rein-deer),  EqiM,  Bo9,  Antelope, 
Fdu,  and  Canis,  were  included.  Even  this  depoat  seems  hardly  to  be 
the  newest  in  the  neighbourhood,  for  if  we  cross  from  the  town  of  laaoire 
(see  fig.  480)  over  Mont  Perrier  to  the  adjoining  valley  of  the  Gouae, 
we  find  another  bone-bed  (No.  9),  overlwd  by  a  current  of  lava  (No.  10). 
The  history  of  this  lava-cnn-ent,  which  terminates  a  few  hundred 
yards  below  the  point  No.  10,  in  the  suburbs  of  the  village  of  Nechers, 
is  inter^ting.  It  forms  a  long  narrow  stripe  more  than  13  miles  in 
length,  at  the  bottom  of  the  valley  of  the  Couze,  which  flows  out  of  a 
lake  at  the  foot  of  Mont  Dor.  This  lake  is  caused  hj  a  bai'rier 
thrown  across  the  ancient  channel  of  the  Couze,  consisting  pai'tly  of  the 
volcanic  cone  called  the  Puy  de  Tartaret,  formed  of  loose  scorise,  from 
the  base  of  which  has  issued  the  lava-current  before  mentioned.  The 
materials  of  the  dam  which  blocked  up  the  river,  and  caused  the  Ijac  de 
Chamhon,  are  also,  in  part,  derived  from  a  land-shp  which  may  have 
happened  at  the  time  of  the  great  ei-uption  which  formed  the  cone. 

This  cone  of  Tartaret  affords  an  impressive  monument  of  the  very 
different  dates  at  which  the  igneous  eruptions  of  Auvergne  have  hap- 
pened ;  for  it  was  evidently  thrown  up  at  the  bottom  of  the  existing 
valley,  which  ia  bounded  by  lofty  precipices  composed  of  sheets  of  an- 
cient columnar  ti-achyte  and  basalt,  which  once  flowed  at  very  high  levels 
from  Mont  Dor.* 

^  For  a  Yiew  of  Puy  de  Tartaret  and  Mout  Dor,  s«o  Sorope's  Voloanos  of  Cen- 
tral France. 
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When  we  follow  t!ie  course  of  the  river  Couze,  from  its  source  in  the 
laie  of  Chanihon,  to  the  termination  of  the  lava-current  at  Nechers,  a 
distance  of  thirteen  miles,  wo  find  that  the  torrent  haa  in  most  places 
cut  a  deep  channel  through  the  lava,  the  lower  portion  of  which  is  co- 
lumnar. In  some  narrow  gorges  it  has  even  had  power  to  remove  the 
entire  mass  of  baaaltic  rook,  though  the  work  of  erosion  must  have  been 
Tory  slow,  as  the  haaalt  is  tough  and  hard,  and  one  column  after  another 
must  have  been  imdermined  and  reduced  to  pehhles,  and  then  to  sand. 
During  the  time  required  for  this  operation,  the  perishable  cone  of  Tai- 
tarct,  composed  of  sand  and  ashes,  has  stood  uninjured,  proving  that  no 
great  flood  or  deluge  can  have  passed  over  this  region  in  tho  interval 
between  the  eruption  of  Tartaret  and  our  own  times. 

If  we  now  return  to  the  soction  (fig.  480),  1  may  observe  that  the 
lava-current  of  Tartaret,  which  has  diminished  greatly  m  height  and 
volume  near  its  tei-mination,  presents  here  a  steep  and  perpendnular 
fece  25  feet  in  height  towards  the  river.  Beneath  it  is  the  alluvium 
No.  9,  consisting  of  a  red  sandy  clay,  which  must  haie  ^.overed  the 
bottom  of  the  vaOey  when  the  current  of  melted  rock  flowed  down 
The  bones  found  in  this  alluvium,  which  I  obtained  myself,  consisted 
of  a  species  of  field-mouse,  Arvkola,  and  the  molar  tooth  of  an  extinct 
horse,  Equm  fossilU.  The  other  species,  obtained  from  the  same  hpd, 
Me  referable  to  the  genera  Sus,  Bos,  Ccrms,  Felis,  Oanis,  Mfiilcf,  Talpa, 
Sore;s,  Lepm,  Sciuous,  Mus,  and  Logomj/s,  in  all  no  less  than  forty- 
three  species,  all  closely  allied  to  recent  animals,  yet  nearly  all  of  fiem, 
according  to  M.  Bravard,  showing  some  points  of  difference,  like  those 
which  Mr.  Owen  discovered  in  the  case  of  the  horse  above  alluded  to 
The  hones,  also,  of  a  frog,  snake,  and  lizard,  and  of  several  buds,  were 
associated  with  the  fossils  above  enumerated,  and  severdl  recent  land 
shells,  such  as  Cyclostonux  ehgam,  Eelix  JiOTtensis,  H.  nemoiali^,  H  la- 
picida,  and  OlamiHa  rv^osa.  K  the  animals  were  drowned  by  floods, 
which  accompanied  the  eruptions  of  the  Puy  de  Tartaret,  they  would  give 
an  exceedingly  modem  geological  date  to  that  event,  which,  must,  in  that 
ease,  have  belonged  to  the  Newer-Pliocene,  or,  perhaps,  the  Post-Plio- 
cene period.  That  the  current,  which  has  issued  from  the  Puy  de  Tai- 
taret,  may  nevertheless  be  very  ancient  in  reference  to  the  events  of 
human  history,  we  may  conclude,  not  only  from  the  divergence  of  the 
mammiferous  fauna  from  that  of  our  day,  but  from  the  fact  that  a  Roman 
bridge  of  such  form  and  construction  as  continued  in  use  down  to  the 
fifth  century,  but  which  may  be  older,  is  now  seen  at  a  place  abont  a 
mile  and  a  half  from  St.  Neetaire.  This  ancient  bridge  spans  the  river 
Couze  with  two  arches,  each  about  14  feet  wide.  These  arches  spring 
from  the  lava  of  Tartaret,  on  both  banks,  showing  that  a  ravine  pre- 
cisely like  that  now  existing,  had  already  been  excavated  by  the  river 
through  that  lava  thirteen  or  fourteen  centuries  ago. 

In  Central  France  there  are  several  hundred  minor  cones,  lite  that 
of  Tartaret,  a  number  of  which,  like  Monle  Nuovo,  near  Naples,  may 
have  been  prineipaliy  due  to  a  single  eruption.     Most  of  these  cones 
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range  in  a  linear  direction  from  Auvergne  to  the  Vivarais,  and  they 
were  faithfully  described  so  early  as  the  year  1802,  hy  M.  de  Montlosier. 
They  have  given  rise  chiefly  to  currents  of  basaltic  lava.  Those  of  Au- 
vergne called  the  Monts  Dome,  placed  on  a  granitic  platform,  form  an 
irregular  lidge  (see  fig.  436),  about  18  miles  in  length,  and  2  in  breadth. 
They  are  usually  truncated  at  the  summit,  where  the  crater  is  often  pre- 
served entire,  the  lava  Laving  issued  from  the  base  of  the  hill.  But 
frequently  the  crater  is  brohen  down  on  one  side,  where  the  lava  has 
flowed  out.  The  hills  are  composed  of  loose  scoiife,  bloclcs  of  lava, 
lapilli,  and  pozzuolana,  with  fragments  of  trachyte  and  granite. 

Pay  de  CSme.  —  The  Puy  de  C6me  and  its  lavarcurrent,  near  Cler- 
mont, may  be  mentioned  as  one  of  these  minor  yolcanos.  This  conical  hill 
rises  from  the  granitic  platform,  at  an  angle  of  about  40°,  to  the  height 
of  more  than  900  feet.  Its  summit  presents  two  distinct  craters,  one  of 
them  with  a  vertical  depth  of  250  feet.  A  stream  of  lava  takes  its  rise 
at  the  western  base  of  the  hill,  instead  of  issuing  from  either  crater,  and 
descends  the  granitic  slope  towards  the  present  site  of  the  town  of  Pont 
Gribaud.  Thence  it  pours  in  a  broad  sheet  down  a  steep  declivity  into 
the  valley  of  the  Sioule,  filling  the  ancient  river-channel  for  the  distance 
of  more  than  a  mile.  The  Sioulo,  thus  dispossessed  of  its  bed,  has 
worked  out  a  fresh  one  between  the  lava  and  the  granite  of  its  western 
bank ;  and  the  escavation  has  disclosed,  in  one  spot,  a  wall  of  columnar 
basalt  about  50  feet  high.* 

The  excavation  of  the  ravine  is  still  in  progress,  every  winter  some 
columns  of  basalt  being  undermined  and  carried  down  the  channel  of 
the  river,  and  in  the  course  of  a  few  miles  rolled  to  sand  and  pebbles. 
Meanwhile  the  cone  of  C6me  remains  stationary,  its  loose  materials 
being  protected  by  a  dense  vegetation,  and  the  hill  standing  on  a  ridge 
not  commanded  by  any  higher  ground  whence  floods  of  rain-water  may 


J%y  Rouge. — At  another  point,  farther  down  the  course  of  tho  Sioule, 
we  find  a  second  illustration  of  the  same  phenomenon  in  tho  Puy  Eouge, 
a  conical  hill  to  the  north  of  the  village  of  Pranal.  The  cone  is  com- 
posed entirely  of  red  and  black  scorias,  tuff,  and  volcanic  bombs.  On 
its  western  side  there  is  a  worn-down  crater,  whence  a  powerful  stream 
of  lava  has  issued,  and  flowed  into  the  valley  of  the  Sioule.  The  river 
has  since  excavated  a  ravine  through  the  lava  and  subjacent  gneiss,  to 
the  depth  of  400  feet. 

On  the  upper  part  of  the  precipice  forming  the  left  side  of  this  ravine, 
we  see  a  great  mass  of  black  and  red  scoriaeeous  lava ;  below  this  a  thin 
bed  of  gravel,  evidently  an  ancient  river-bed,  now  at  an  elevation  of  50 
feet  above  the  channel  of  the  Sioule.  The  gravel  again  rests  upon 
gneiss,  which  has  been  eroded  to  the  depth  of  50  feet.  It  is  quite  evi- 
dent in  this  case,  that,  while  the  basalt  was  gradually  undermined  and 
carried  away  by  the  force  of  running  water,  the  cone  whence  the  lava 
issued  escaped  destruction,  because  it  stood  upon  a  platform  of  gneiss 
*  Sorope's  Central  France,  p,  60,  and  plate. 
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several  hundred  feet  above  the  level  of  the  valley  in  which  the  force  of 
running  water  was  exerted. 

Puy  de  Pariou. — The  brim  of  the  crater  of  the  Puy  de  Pariou,  near 
Clermont,  is  so  sharp,  and  hais  been  bo  little  blunted  by  time,  that  it 
scarcely  affords  room  to  stand  upon.  This  and  other  oonea  in  an  e(jually 
remarkable  state  of  integrity  have  stood,  I  conceive  uninjured,  not  in 
ipite  of  their  loose  poroua  nature,  as  might  at  first  be  naturally  supposed, 
but  in  consequence  of  it.  No  rills  can  collect  where  all  the  rain  is  in- 
stantly absorbed  by  the  sand  and  scorise,  as  is  remarkably  the  case  on 
Etna ;  and  nothing  but  a  waterspout  breaking  directly  upon  the  Puy  de 
Pariou  could  caiTy  away  a  portion  of  the  hill,  so  long  as  it  is  not  rent 
or  engulphed  by  earthquakes. 

Hence  it  is  conceivable  that  even  those  cones  which  have  the  freshest 
aspect,  and  most  perfect  shape,  may  lay  claim  to  very  high  antiquity. 
Dr.  Daubeny  has  justly  obsei-ved,  that  had  any  of  these  volcanos  been 
in  a  state  of  activity  ju  the  days  of  Julius  Ctesar,  that  general,  who  en- 
camped upon  the  plains  of  Auvergne,  and  laid  siege  to  its  principal  eity 
(Gergoyja,  near  Clermont),  would  hardly  have  failed  to  notice  them. 
Had  there  been  any  record  of  their  eruptions  in  the  time  of  PKny  or  Si- 
donius  ApoUinaris,  the  one  would  scarcely  have  omitted  to  make  mention 
of  it  in  hia  Natural  History,  nor  the  other  to  introduce  some  allusion  to  it 
among  the  descriptions  of  this  his  native  province.  This  poet's  r^dence 
was  on  the  borders  of  the  Lake  Aidat,  which  owed  ife  very  esistence  to 
the  damming  up  of  a  river  by  one  of  the  most  modern  lava-currents.* 

Velay.  —  The  observalious  of  M.  Bertrand  de  Doue  have  not  yet  es- 
tablished that  any  of  the  most  ancient  volcanos  of  Velay  were  in  action 
during  the  Eocene  periods.  There  are  beds  of  gravel  in  Velay,  as  in 
Auverge,  covered  by  lava  at  different  heights  above  the  channels  of  the 
existing  rivers.  In  the  highest  and  most  ancient  of  these  alluviums  the 
pebbles  are  exclusively  of  granitic  rocks;  but  in  the  newer,  which  are 
found  at  lower  levels,  and  which  originated  when  the  valleys  had  been 
cut  to  a  greater  depth,  an  intermixture  of  volcanic  rocks  has  been  ob- 

At  St.  Privat  d'AJlier  a  bed  of  volcanic  scorias  and  tuff  was  discovered 
by  Dr.  Hibhert,  inclosed  between  two  sheets  of  basaltic  lava;  and  in 
this  tuff  were  found  the  bones  of  several  quadrupeds,  some  of  them 
adhering  to  masses  of  slaggy  lava.  Among  other  animals  were  Rhino- 
ceros leptorhinus,  Hysena  speleea,  and  a  species  allied  to  the  spotted 
hytena  of  the  Cape,  together  with  four  undetermined  species  of  deer.f 
The  manner  of  the  occurrence  of  these  bones  reminds  ua  of  the  pub- 
lished accounts  of  an  eruption  of  Coseguina,  1835,  in  Central  America 
(see  p.  399),  during  which  hot  cinders  and  scorise  fell  and  scorched  to 
death  great  numbers  of  wild  and  domestic  animals  and  birds. 

Plomh  du  Gantal.  —  In  regard  to  the  age  of  the  igneous  rocks  of  the 

*  Daubenj  on  Voloanos,  p.  14. 

f  Edin.  Journ.  of  Sci.,  No.  iv.  N.S.  p.  276.  Figures  of  some  of  these  remmns 
aro  given  bj  M.  Bortrand  de  Doue,  Ann.  De  la  Soc.  d'Agrionlt.  de  Pay,  1828. 
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Cantal,  we  can  at  present  merely  affirm,  that  thcj  overlie  the  Eocene 
lacustrine  strata  of  that  country  (see  Slap,  p.  179).  They  form  a  great 
dame-shaped  mass,  having  an  average  slope  of  only  4°,  which  haa  evi- 
dently been  accumulated,  like  the  cone  of  Etna,  during  a  long  series  of 
eruptions..  It  is  composed  of  trachytic,  phonolitio,  and  basaltic  lavas, 
tuffs,  and  conglomerates,  or  breccias,  forming  a  mountain  several  thou- 
sand feet  in  height.  Dikes  also  of  phonolile,  trachyte,  and  basalt  are 
numerous,  espcciaUy  in  the  neighbourhood  of  the  large  cavity,  probably 
once  a  crater,  Moond  which  the  loftiest  summits  of  the  CantaJ  are 
ranged  circularly,  few  of  them,  except  the  Plomb  du  Oantal,  rising  far 
above  the  border  or  ridge  of  this  supposed  crater.  A  pyramiM  bill, 
called  the  Puj  Griou,  occupies  the  middle  of  the  cavity.*  It  is  dear 
that  the  volcano  of  the  Cantal  broke  out  precisely  on  the  site  of  the 
lacustrine  deposit  before  described  (p,  188),  which  had  accumulated  in 
a  depression  of  a  tract  composed  of  micaceous  schist.  In  the  breccias, 
even  to  the  very  summit  of  the  mountain,  we  find  ejected  masses  of  the 
fresh-water  beds,  and  sometimes  fragments  of  flint,  containing  Eocene 
ehelis.  Valleys  radiate  in  all  directions  from  the  c«nti'al  heights  of  the 
mountain,  increasing  in  size  as  they  recede  from  those  heights.  Those 
of  the  Cer  and  Joui'danne,  which  are  more  than  20  miles  in  length,  are 
of  great  depth,  and  lay  open  the  geological  structure  of  the  mountain. 
No  alternation  of  lavas  with  undistiu-bed  Eocene  strata  has  been  ob- 
secved,  nor  any  tuffi  contMning  fresh-water  cells,  although  some  of 
these  tufis  include  fossil  remains  of  terrestrial  plants,  said  to  imply  seve- 
ral distinct  restorations  of  the  vegetation  of  the  mounbiin  in  the  inter- 
vals between  great  eruptions.  On  the  northern  side  of  the  Plomb  du 
Cantal,  at  La  Vissiere,  near  Mnrat,  is  a  spot,  pointed  out  on  the  Map 
(p.  179),  where  fresh-water  limestone  and  marl  are  seen  covered  by  a 
thickness  of  about  800  feet  of  volcanic  rock.  Shifts  are  here  seen  in 
the  strata  of  limestone  and  marl.f 

Eocene  ^riod.  —  In  treating  of  the  lacustrine  deposits  of  Central 
Pranee,  in  the  fifteenth  chapter,  it  was  stated  that,  in  the  arenaceous 
and  pebbly  group  of  the  lacustrine  basins  of  Auvergne,  Cantal,  and 
Velay,  no  volcanic  pebbles  had  ever  been  detected,  although  massive 
piles  of  igneous  rocks  are  now  found  in  the  immediate  vicinity.  As 
this  observation  has  been  confirmed  by  minute  research,  we  are  waj-- 
ranted  in  inferring  that  the  volcanic  eruptions  had  not  commenced  when 
the  older  subdivisions  of  the  fresh-water  groups  originated. 

In  Cantal  and  "Velay  no  decisive  proofs  have  yet  been  brought  to 
light  that  any  of  the  igneous  outbursts  happened  dui-ing  the  deposition 
of  the  fr{^- water  strata ;  but  there  can  be  no  doubt  that  in  Auvergne 
some  volcanic  espltsions  took  place  before  the  drainage  of  the  lakes, 
and  at  a  time  when  the  Upper  Eocene  species  of  animals  and  pknts  still 
flourished.     Thus,  for  example,  at  Pont  du  Chateau,  near  Clermont,  a 

"  M^m.  de  !a.  Soc,  O^ol.  i 
■[■  See  Ljell  and  Murohisoc 
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section  18  Been  m  a  precipice  on  tho  right  bank  of  the  mer  AHier,  in 
which  beds  of  volcanic  tuff  alternate  with  a  fresh-water  iimestone,  which 
is  in  some  places  pui-c,  hut  jji  othera  spotted  with  fragments  of  volcanic 
matter,  aa  if  it  were  deposited  while  showers  of  sand  and  scorias  were 
projected  from  a  neighbouring  vent.* 

Another  example  occurs  in  tlie  Puy  de  Marmontj  near  Veyrea,  where 
a  fresh-water  marl  alternates  with  volcanic  tuff  containing  Eocene  shells. 
The  tuff  or  breccia  in  this  locality  is  precisely  such  as  is  known  to  result 
from  volcanic  ashes  falling  into  water,  and  subsiding  together  with 
ejected  fragments  of  marl  and  other  stratified  rooks.  These  tuffs  and 
marls  are  highly  inclined,  and  traversed  by  a  thick  vein  of  bftsalt,  which, 
as  it  rises  in  the  hill,  divides  into  two  branches. 

GerffOBia.  —  The  hill  of  G-ergovia,  near  Clermont,  affords  a  third 
example.  I  agree  with  MM.  Dufr^noy  and  Johert  that  there  is  no 
alternation  here  of  a  contemporaneous  sheet  of  lava  with  fresh-water 
strata,  in  the  manner  supposed  by  some  other  observers  jf  but  the  posi- 
tion and  contents  of  some  of  the  associated  tuffs,  prove  them  to  have 
been  derived  from  volcanio  eruptions  which  occurred  during  the  deposi- 
tion of  the  lacustrine  strata. 

The  bottom  of  the  hill  consists  of  slightly  inclined  beds  of  white  and 
greenish  marls,  more  than  300  feet  in  thickness,  intersected  by  a  dike 
of  basalt,  which  may  be  studied  in  the  ravine  above  the  village  of  Mer- 
dogne.  The  dike  here  cuts  through  the  marly  strata  at  a  considerable 
angle,  producing,  in  general,  great  alteration  and  confusion  in  them  for 
some  distance  from  the  point  of  contact.     Above  the  white  and  green 


marls,  a  series  of  beds  of  limestone  and  marl,  containing  fr'esh-water 
shells,  are  seen  to  alternate  with  volcanic  tuff.  In  the  lowest  part  of  this 
division,  beds  of  pure  marl  alternate  with  compact  fissile  tuff,  resembling 
some  of  the  subaqueous  tuffs  of  Italy  and  Sicily  called  peperinos.  Oc- 
casionally fragments  of  scoriie  are  visible  in  this  rock.     Still  higher  is 


•  See  Scrope's  Central  Prat 


r,  p.  21. 


f  Ibid.  p.  ! 
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seen  another  group  of  some  thickness,  coMisting  eiclusively  of  tuff, 
upon  whicli  lie  other  marly  strata  intermised  with  volcanic  matter. 
Among  the  species  of  fossil  sholla  which  I  found  in  these  strata  woro 
Melama  inqmnata,  a  Unio,  and  a  Melanopeh,  hut  thej  were  not  suffi- 
cient to  enable  me  to  determine  with  precision  the  age  of  the  fonnation. 

There  arc  many  points  in  Anvergue  where  igneous  rocks  have  heen 
forced  hj  subsequent  injection  through  clays  and  marly  limestones,  ia 
auch  a  manner  that  the  whole  has  become  blended  in  one  confused  and 
brocciated  mass,  between  which  and  the  basalt  there  ia  sometimes  no 
very  distinct  line  of  demarcation.  In  the  cavities  of  such  mixed  rocks 
we  often  find  ealcedony,  and  crystals  of  mesotype,  stilbito,  and  arrago- 
nite.  To  formafiona  of  this  class  may  belong  some  of  the  breccias 
immediately  adjoining  the  dike  in  the  hiU.  of  Gergovia;  but  it  cannot  be 
contended  that  the  volcanic  sand  and  sooriie  interstratified  with  the  marls 
and  limestones  in  the  upper  part  of  that  hill  were  introduced,  like  the 
dike,  subsequently,  by  intrusion  from  below.  They  must  have  been 
thrown  down  like  sediment  from  water,  and  can  only  have  resulted  from 
igneous  action,  which  was  going  on  contemporaneously  with  the  deposi- 
tiou  of  the  lacustrine  strata. 

The  reader  will  bear  in  mind  that  this  conclusion  agrees  well  with  the 
proofs,  adverted  to  in  the  fifteenth  chapter,  of  the  abuudance  of  silex, 
travertiuj  and  gypsum  precipitated  when  the  upper  laeuatrine  strata  were 
formod;  for  these  rocks  are  such  aa  the  waters  of  mineral  and  thermal 
springa  might  generate. 

Oi-etacecms  jjcriod.  —  Although  we  have  no  proof  of  volcanic  roeks 
erupted  in  England  during  the  deposition  of  the  chalk  and  greensand,  it 
would  be  an  error  to  suppose  tiat  no  theatres  of  igneous  action  existed 
in  the  cretaceous  period.  M.  Virlet,  in  his  account  of  the  geology  of 
the  Morea,  p.  205,  has  clearly  shown  that  certain  traps  in  Greece,  called 
by  him  ophiolites,  are  of  this  date;  as  those,  for  example,  which  alter- 
nate conformably  with  cretaceous  limestone  and  greensand  between  Kas- 
tri  and  Damala  in  the  Morea.  They  consist  in  great  part  of  diallage 
rooks  and  serpentine,  and  of  au  amygdaloid  with  calcareous  kernels,  and 
a  base  of  serpentine. 

In  certain  parts  of  the  Morea,  the  age  of  these  volcanic  rocks  is  es- 
tablished by  the  following  proofe ;  first,  the  lithographic  limestones  of 
the  Cretaceous  era  are  cut  through  by  trap,  and  then  a  conglomerate 
occurs,  at  Nauplia  and  other  places,  containing  in  its  calcareous  cement 
many  well-known  fossils  of  the  chalk  and  greensand,  together  with  peb- 
bles formed  of  rolled  pieces  of  the  same  ophiolite,  which  appear  in  the 
dikes  above  alluded  to. 

Period  of  Oolite  and  Lias.  —  Although  th    g     n  an  1       p  nt  n 
trap  rocks  of  the  Morea  belong  chiefly  to  th    C    ta    ous    ra  -ts  1  f   e 
mcEtioned,  yet  it  seems  that  some  eruption     f     m  la        k    b  gan  dui 
ing  the  Oolitic  period;*  and  it  is  probabl     th      a  I  pa  t    f  the 

*  Boblaje  and  VMet,  Mo        p     3 
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trappean  masses,  called  ophiolites  in  the  Apennines,  and  associated  with 
t!ie  HmestouG  of  that  chain,  are  of  corresponding  age. 

That  pai-t  of  the  Toloanio  rocks  of  the  Hebrides,  in  our  own  country, 
originated  contemporaneously  with  the  Oolite  which  they  traverse  and 
overlie,  has  heen  ascertained  by  Prof.  E.  Forbes,  in  1850. 

Ttwp  of  the.  New  Bed  Sandstone  period.  —  la  the  southcra  part  of 
Devonshire,  trappean  roots  are  associated  with  New  Red  Sandstone,  and, 
according  to  Sir  H.  de  la  Beche,  have  not  heen  intruded  subsequently 
into  the  sandstone,  bnt  were  produced  by  contemporaneous  volcanic 
action.  Some  beds  of  grit,  mingled  with  ordinary  rod  marl,  resemble 
Bands  ejected  from  a  crater ;  and  in  the  stratified  conglomerates  occurring 
near  Tiverton  are  many  angular  fragments  of  trap  porphyry,  some  of  them 
one  or  two  t^ns  in  weight,  intermingled  with  pebbles  of  other  rocks. 
These  angular  fragments  were  probably  thrown  out  from  volcanic  vents, 
and  fell  upon  sedimentary  matter  then  in  the  course  of  deposition.* 

Carboniferous  period. — Two  classes  of  contemporaneous  trap  rocks 
have  been  ascertained  by  Dr.  Fleming  to  occur  in  the  coal-field  of  tho 
Forth  in  Scotland.  The  newest  of  these,  connected  with  the  higher  series 
of  coal-measures,  is  well  exhibited  along  the  shores  of  the  Forth,  in  Fife- 
shire,  where  they  consist  of  basalt  with  olivine,  amygdaloid,  greensfflne, 
wack^,  and  tuff.  They  appear  f«  have  been  erupted  while  the  sediment, 
ary  strata  were  in  a  horizontal  position,  and  to  have  suffered  the  same 
dislocations  which  those  strata  have  subsequently  undergone.  In  the 
volcanic  tuffs  of  this  age  are  found  not  only  fragments  of  limestone, 
shale,  flinty  slate,  and  sandstone,  but  also  pieces  of  coal. 

The  other  or  older  class  of  carboniferous  traps  are  traced  along  the 
south  margin  of  Strathedeu,  and  constitute  a  ridge  parallel  with  the 
Ochjls,  and  estendiug  fromStiriing  to  near  St.  Andrews.  They  consist 
almost  exclusively  of  greenstone,  becoming,  in  a  few  instances,  earthy 
and  amygdaloidal.  They  are  regulai-ly  interstratified  with  the  sandstone, 
shale,  and  ironstone  of  the  lower  Coal-measures,  and,  on  the  East  Lo- 
mond, with  Mountain  Limestone. 

I  examined  these  trap  rocks  in  1838,  in  the  cliffs  south  of  St.  An- 
drews, where  they  consist  in  great  part,  of  stratified  tufis,  which  are 
curved,  vertical,  and  contorted,  like  the  associated  coal-measures.  In 
the  tuff  I  found  fragments  of  cai'boniferora  shale  and  limestone,  and 
intersecting  veins  of  greenstone.  At  one  spot,  about  two  miles  ii'om 
St.  Andrews,  the  encroachment  of  the  sea  on  the  cliffs  has  isolated 
several  masses  of  traps,  one  of  which  (fig.  482)  is  aptly  called  the 
"rock  and  spindle, "f  for  it  consists  of  a  pinnacle  of  tuff,  which  may 
be  compared  to  a  distaff,  and  near  the  base  is  a  mass  of  columnar 
greenstone,  in  which  the  pillars  radiate  from  a  centre,  and  appear  at 
a  distance  like  the  spokes  of  a  wheel.     The  largest  diameter  of  this 

*  De  la  Beciie,  Geol.  ProeeEdirgs,  No.  41,  p.  196. 

I  "The  rock,"  as  English  readers  of  Burns'  poems  mayremember,  iaa  Scotch 
term  for  distaff." 
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wheel  J3  about  twelTO  feet,  and  the  polygonal  terminations  of  the  CO- 
Big.  483.  lumns  are  seen  round  the  circnmferenee  (or  tii'e  as  it 

were,  of  the  wheel),  aa  in  the  accompoajing  flgni-e,  I 
conceive  this  mass  to  he  the  extremity  of  a  string  or 
vein  of  gi-eensfone,  which  penetrated  the  tufF.  The 
prisms  point  in  every  direction,  because  they  werij  sur- 
rounded on  all  aides  by  cooling  surfaces,  to  which  they 
,(,  always  arrange  themselves  at  right  angles,  as  heforo 
explained  (p.  385). 
2H 
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A  trap  dike  was  pointed  out  to  me  liy  Dr.  Fleming,  in  the  paiisli  of 
nisk,  in  the  norttem  part  of  Fifesliire,  wliich  cuta  througli  the  gi-ej 
aandfltone  and  shale,  forming  the  lowest  part  of  the  Old  Red  Sandstone. 
It  may  be  traced  for  many  inilea,  passing  through  the  amygdaloidal  and 
other  traps  of  the  hill  called  Normans  Law.  In  its  course  it  affords  a 
good  esemplifioation  of  the  passage  from  the  trappean  into  the  plutonic, 
or  highly  crystalline  texture.  Professor  Gustavus  Rose,  to  whom  I 
Buhmitted  speeimena  of  this  dike,  finds  the  root,  which  he  calls  dolerite, 
to  consist  of  gi-eenish  hhick  au^te  and  Labrador  felspar,  the  latter  being 
the  most  abundant  ingredient.  A  small  quantity  of  magnetic  iron,  per- 
haps  titaniferous,  is  also  present.  The  result  of  this  analysis  is  interest- 
ing, because  both  the  ancient  and  modem  lavas  of  Etna  consist  in  like 
manner  of  augite,  Labradorite,  and  titaniferous  iron. 

Trap  of  the  Old  Bed  sandstone  period.  —  By  referring  to  the  section 
explanatory  of  the  structure  of  Forfarshire,  already  given  (p.  48),  the 
reader  will  perceive  that  beds  of  conglomerate.  No.  3,  occur  in  the  mid- 
dle of  the  Old  Red  sandstone  system,  1,  2,  S,  4.  The  pebbles  Ln  these 
conglomerates  are  sometimes  composed  of  granitic  and  quarts  rocks, 
sometimes  exclusively  of  different  varieties  of  trap,  which,  although 
purposely  omitted  in  the  above  section,  are  often  found  either  intruding 
themselves  in  amorphous  masses  and  dikes  into  the  old  fossiliferous  tile- 
stones.  No.  4,  or  alternating  with  them  in  conformable  beds.  All  the 
different  divisions  of  the  red  sandstone,  1,  2, 3,  4,  are  occasionally  inter- 
sected by  dikes,  but  they  are  very  rare  in  Nos.  1  and  2,  the  upper  mem- 
bers of  the  group  consisting  of  red  shale  and  red  sandstone.  These 
phenomena,  which  occur  at  the  foot  of  the  Grampians,  are  repeated  in 
the  Sidlaw  Hills;  and  it  appears  that  in  this  part  of  Scotland,  volcanic 
eruptions  were  most  frequent  in  the  earlier  part  of  the  Old  Red  sand- 
stone period. 

The  trap  rocks  alluded  to  consist  chiefly  of  felspathie  porphyry  and 
amygdaloid,  the  kernels  of  the  latter  being  sometimes  calcareous,  often 
calcedonic,  and  forming  beautiful  agates.  We  meet  also  with  elaystone, 
clinkstone,  greenstone,  compact  felspar,  and  tuff.  Some  of  these  rocks 
flowed  as  lavas  over  the  bottom  of  the  sea,  and  enveloped  quartz  pebbles 
which  were  lying  there,  so  as  to  form  conglomerates  with  a  base  of  green- 
stone, as  is  seen  in  Lumlcy  Den,  m  the  Sidlaw  Hills.  On  either  side  of 
the  asis  of  this  chain  of  hills  (see  section,  p.  48),  the  beds  of  massive 
trap,  and  the  tnffs  composed  of  volcanic  sand  and  ashes,  dip  legukrly  to 
the  south-east  or  north-west,  conformably  with  the  shales  and  sandstones. 

Silitrian  period.— li  appears  from  the  investigations  of  Sir  R.  Mur- 
?hison  in  Shropeshire,  that  when  the  lower  Silurian  strata  of  that  county 
were  accumulating,  there  were  frequent  volcanic  eruptions  beneath  the 
sea;  and  the  tshes  and  scorias  then  ejected  g  le  rise  to  a  peculiar  kind 
of  tufaceous  sanlstrne  or  gnt  dissinulai  t  the  othei  rocks  of  the  Silu- 
rian series  and  only  ohseivable  m  jlaoes  whpre  sjenitic  and  other  trap 
rocks  protrude  Thc^e  tuffs  occur  on  the  flinks  of  the  Wrekin  and 
Caer  Carad  c  ani  lontjm  S  luiian  f   sil"     ith  ■»    cisfs  of  encrinites. 
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trilolDites,  and  mollusca.  AlthougL  fosailiferous,  tie  stone  resembles  a 
sandy  clajstonc  of  tte  trap  family.* 

Thin  layers  of  trap,  only  a  few  inches  thick,  alternate,  in  some  parts 
of  Shropshire  and  Montgomeryshire,  with  sedimentary  strata  of  the 
lower  Silurian  system.  This  trap  consists  of  slaty  porphyry  and  granu- 
lar felspar  rock,  tJio  heds  heing  traTersed  by  joints  like  those  in  the 
associated  sandstone,  limestone,  and  shale,  and  having  the  same  strike 
and  dip.f 

In  liadnorshire  there  is  an  example  of  twelve  bands  of  stratified  trap, 
altercating  with  Silurian  schists  and  flagstones,  in      th   k  f  350 

feet.  The  bedded  traps  consist  of  felspar-porphy  y  I  nl  t  a  and 
other  varieties ;  and  the  interposed  Llandeilo  flogs  aj  f  nd  ton  and 
shale,  with  trilohites  and  ^nptolitci  J 

The  vast  thicknes'i  of  contemporaneous  trappean  k  f  I  w  S  lu- 
rian  date  in  Noith  Wales,  explored  by  oui  gjiemm  nt  ur  y  ,  has 
been  already  alluded  to  § 

Camhrian  volcanic,  roiJci  — Piofissor  Sedgwick,  in  his  account  of  tlie 
geology  of  Cumberland,  his  descnhed  various  trap  rocks  which  accom- 
pany the  green  'Jites  of  the  Cambrian  system,  beneath  all  the  rocks 
containing  organic  rem'ims  Different  felspathic  and  porphyritio  rocks 
and  greenstones  occui,  not  only  m  dikes,  but  in  conformable  beds;  and 
there  Js  occasionally  a  passage  from  these  igneous  rocks  to  some  of  the 
green  quartaose  slates.  Professor  Sedgwick  supposes  these  porphyries 
to  have  originated  contemporaneonsly  with  the  stratified  ehloritio  slates, 
the  materials  of  the  slates  having  been  supplied,  in  part  at  least,  by 
submarine  eruptions  oftentimes  repeated. [| 

■  Murohison,  Silurian  System,  &e.,  p.  230. 

t  Ibid.,  p.  212.  X  Ibid,,  p.  325. 

j  Chap.  XXVII.,  p.  356.  ||  Geol.  Trans.,  2d  series,  vol.  iv.  p.  65. 
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General  aspect  of  granite— Dec omposiiig  into  spherical  masses — Rude  columnar 
structure — Analogy  and  difference  of  volcanic  ami  plutonlo  formations — Mine- 
rals in  granite,  and  tieir  arrangement^  GrapBio  and  porphjritie  granite  — 
Mntaal  penetration  of  crystals  of  quarts  and  felspar— Occasional  minerals — 
Syenite — Syenitio,  tolcoso,  and  sohoriy  granites — ^Eurite- — Passage  of  granite 
into  trap — EiampleB  near  Christiania  and  in  Abordoensbire — Analogy  in  com- 
position of  trachyte  ami  granite  —  Granite  veins  in  Glen  Tilt,  Cornwall,  the 
Valoreine,  and  cthev  countries— Different  composition  of  veins  from  main  body 
of  granite  —  Metalliferoue  yeina  in  strata  near  theic  junction  with  granite  — 
Apparent  ieolatioii  of  nodules  of  granite — Qoorta  reins  —  Whether  plutonic 
rocks  are  ever  overlying  —  Their  esposnre  at  the  surface  due  to  denudation. 

The  plutonie  rocks  may  lie  treated  of  nest  in  order,  as  tticy  are  most 
nearly  allied  to  fie  volcanic  class  already  considered.  I  haTe  desoribed, 
in  the  first  chapter,  these  plutonic  rocks  aa  the  unstrafified  division  of 
the  crystalline  or  hypogene  formations,  and  have  stated  that  they  differ 
from  the  volcanic  rocks,  not  only  hy  their  more  crystalline  testnre,  but 
also  hy  the  absence  of  tuffs  and  breccias,  which  are  the  products  of  erup- 
tions at  the  earth's  surface,  or  beneath  seas  of  inconsiderable  depth. 
They  differ  also  by  the  absence  of  pores  or  cellular  cavities,  to  which  the 
expansion  of  the  entangled  gases  gives  rise  in  ordinary  lava.  From  these 
and  other  peculiarities,  it  has  been  inferred,  that  the  granites  have  been 
formed  at  considerable  depths  in  the  earth,  and  have  cooled  and  crystal- 
lized slowly  under  great  pressure,  where  the  contained  gaaes  could  not 
espand.  The  volcanic  rocks,  on  the  contrary,  although  they  also  have 
risen  up  from  below,  have  cooled  from  a  melted  state  more  rapidly  upon 
or  near  the  surface.  From  this  hypothesis  of  the  great  depth  at  which 
the  granites  originated,  has  been  derived  the  name  of  "  Plutonic  rocks." 
The  he^nner  will  easily  conceive  that  the  influence  of  subterranean  heat 
may  extend  downwards  irom  the  crater  of  every  active  volcano  to  a  great 
depth  below,  perhaps  several  miles  or  leagues,  and  the  effects  which  are 
produced  deep  in  the  bowels  of  the  earth  may,  or  rather  must  be,  dis- 
tinct ;  so  that  volcanic  and  plutonic  rocks,  each  different  in  texture,  and 
sometimes  even  in  composition,  may  originate  simultaneously,  the  one 
at  the  surface,  the  other  far  beneath  it. 

By  some  writers,  all  the  rooks  now  under  consideration  have  been 
comprehended  under  the  name  of  granite,  which  is,  then,  understood  to 
embrace  a  large  iiunily  of  crystalline  and  compound  rocks,  usually  found 
undetlying  all  other  formations;  where^  we  have  seen  that  trap  very 
commonly  overlies  strata  of  different  ages.  G-ranite  often  preserves  a 
very  uniform  character  throughout  a  wide  range  of  territory,  forming 
hills  of  a  peculiar  rounded  fonn,  usually  clad  with  a  scanty  vegetation. 
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The  surf  ice  of  the  rock  it  for  the  mo'st  p'ut  m  i  cnimUmg  state,  and 
the  hilh  are  often  surmoKnt(d  by  piles  of  itone"  like  the  remams  of  a 
stratified  masa,  af  in  the  mnexed  figuie  and  sometimes  like  heajia  of 
boulders,  for  which  thej  have  been  mistaken      The  cstenoi  of  these 


stoHca,  originally  (Quadrangular,  acquires  a  rounded  form  by  the  action 
of  air  and  water,  for  the  edges  and  angles  waste  away  more  rapidly  than 
tie  sides.  A  similar  spherical  structure  has  already  been  described  as 
characteristic  of  basalt  and  other  volcanic  formations,  and  it  must  be 
referred  to  analogous  causes,  as  yet  but  imperfectly  understood. 

Although  it  is  the  general  peculiarity  of  granite  to  assume  no  definite 
shapes,  it  is  nevertheless  occaaionaUy  subdivided  by  fissures,  so  aa  to 
assume  a  eulaoidal,  and  even  a  columnar  structure.  Examples  of  these 
appearaneea  may  be  seen  near  the  Land's  End,  in  Cornwall.  (See 
figure.) 


The  plutonic  formations  also  agree  with  the  volcanic,  in  having  veins 
or  ramifications  proceeding  from  central  masses  intfl  the  adjoining  rocks. 
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and  causing  alterations  in  these  last,  which  will  be  presently  described. 
Thej  also  resemble  trap  in  containing  no  organic  remains ;  but  they 
differ  in  being  more  uniform  in  fexturc,  whole  mountain  niaases  of  inde- 
finite extent  appearing  to  have  originated  under  conditions  precisely 
similar.  They  also  differ  in  never  being  scoriaceoos  or  amygdaloidal, 
and  never  forming  a  porphyry  with  an  uncrystalline  base,  or  alternating 
with  tuffa.  Nor  do  they  foi-m  conglomerates,  although  there  is  Bometimcs 
an  insensible  passage  from  a  fine  to  a  coai-se  grained  gi-anite,  and  ocoa- 
sionaUy  patches  of  a.  fine  testni-e  are  imbedded  in  a  ooarsei'  variety. 

Felspar,  quartz,  and  mica  are  usually  considered  as  the  minerals 
essential  to  granite,  the  felspar  being  most  abundant  in 
the  proportion  of  quarts  exceeding  that  of  mica.     These 
united  in  what  is  termed  a  confused  crystallization ;  that  is 
'■■  ""  regular  arrangement  of  the  crystals  in  gi-anite,  i     ' 


quantity,  and 
minerals  are 
to  say,  there 
gneiss  (see 


,  except  in  the  variety,  termed  graphic  granite,  wMeh  occurs 


GnelBB.    (aMdMcripiSan,p.494.) 


mostly  m  granitie  veins.  This  variety  is  a  compound  of  felspai  and 
quartB,  so  arranged  as  to  produce  an  imperfect  luminar  structure.  The 
crystals  of  felspar  appear  to  have  been  first  formed,  leaving  between 


them  thi,  ja  p  nnw  oeenjiod  by  the  darker  coloured  quatta.  This  min- 
eral when  a  s  ct  on  i"!  miJo  it  right  angle"  to  the  alternate  plates  of 
fehpar  and  q  wrtz  presents  brofc^n  Imes  wl  leh  have  been  compared  to 
Hebrew  characteia 

^s  a  gcneml  rule  q  inrtz    m  t  fompict  (r  amorphous  state,  forma 
1  viticou"  miss     ervin^  la  the  bide  m  wh  ih  felspar  and  mica  have 
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crjatalliaed ;  for  although  the^L  minerala  arc  much  more  fusible  than 
siles,  they  have  often  imprinted  their  shapea  upon  the  quarte.  This 
fiict,  apparently  to  paiadosicil,  has  given  rise  to  much  iBgenioua  specu- 
lation. 'VVe  should  naturally  have  anticipated  that,  during  the  cooling 
of  the  mass,  the  flinty  portion  would  be  the  first  to  consolidate;  and 
that  the  different  varieties  of  fekpar,  as  well  as  garnets  aud  tourmalines, 
being  more  easily  liquefied  by  heat,  would  be  the  last.  Precisely  the 
reverae  has  taken  place  in  the  passage  of  most  granitic  aggregates  from 
a  fluid  to  a  solid  state,  crystals  of  the  more  fusible  minerals  being  found 
enveloped  in  hai-d,  transparent,  glassy  quartz,  which  has  often  taken 
very  faithful  easts  of  each,  so  as  to  preserve  even  the  miorosoopically 
minute  striations  on  the  surface  of  prisms  of  tourmaline.  Various  ex- 
planations of  this  phenomenon, have  been  proposed  by  MM.  de  Beau- 
mont, Fournet,  and  Durocher.  They  refer  to  M.  Gaudin's  experiments 
on  the  fusion  of  quartz,  which  show  that  siles,  as  it  cools,  has  the  pro- 
perty of  remaning  in  a  viscous  stale,  whereas  alumina  never  does.  This 
"  gelatinous  flint"  is  supposed  to  retain  a  considerable  degree  of  plasti- 
city long  after  the  granitic  mixture  has  acquired  a  low  temperature ; 
and  M.  E.  de  Beaumont  suggests,  that  electrio  action  may  prolong  fie 
duration  of  the  viscosity  of  siles.  Occasionally,  however,  we  find  the 
quarts  and  felspar  mutually  imprinting  their  forms  on  each  other,  afford- 
ing evidence  of  the  simultaneous  crystallisation  of  both.* 

Porphyritic  granite.  —  This  name  has  been  sometime  given  to  that 
variety  in  which  largo  crystals  of  felspar,  sometimes  more  than  3  inches 
in  length,  are  scattered  through  an  ordinary  base  of  granite.  An 
example  of  this  testure  may  be  seen  in  the  granite  of  the  Land's  End, 
in  Cornwall   (fig.  489).     The   two  larger  prismatic   crystals  in   this 


•S^-^'^^'^'-' 


drawing,  leprescnt  filapir,  smaller  crystals  of  which  are  also  seen,  similar 
m  foim,  scattered  through  the  base.  In  this  base  also  appear  black 
spLcks  of  mica,  the  ciystals  of  which  have  a  more  or  less  perfect  hes- 
agonal  outline  The  remainder  of  tlie  mass  is  quartz,  the  translucency 
of  which  IS  stirngly  contrasted  to  the  opaqueness  of  the  white  felspar 
•md  black  mica  But  neithei  the  transparency  of  the  quarts,  nor  the 
silveiy  luatie  of  the  mici,  cin  be  expressed  in  the  engraving. 

Bullet  n  2 1  =cue  n  IBfli    and  Archiao,  Hist,  dcs  Progvfcs  de  Ocol.,  i.  38. 
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The  uniform  mmoral  ctaracter  of  large  masses  of  granite  seems  to 
indioate  that  large  quantities  of  the  component  elements  were  thoroughly 
mixed  up  together,  and  theu  crystallized  under  precisely  similar  condi- 
tions. There  are,  however,  many  accidental,  or  "  occasienal,"  minerals, 
as  they  are  termed,  whicli  belong  to  granite.  Among  these  black  schorl 
or  tourmaline,  actinolite,  zircon,  garnet,  and  fluor  spar,  are  not  uncom- 
mou;  but  they  are  too  sparingly  dispersed  to  modify  the  general  aspect 
of  the  rock.  They  show,  neyertiieless,  that  the  ingredients  were  not 
everywhere  tie  same ;  and  a  still  greater  variation  may  be  traced  in  the 
ever-varying  proportions  of  the  felspar,  quartz,  and  mica. 

Syenite. —  When  hornblende  is  the  substitute  foi  mici,  which  is  very 
commonly  the  case,  the  roelt  becomes  Syenite  :  so  called  fiom  the  cele 
brafed  ancient  quarries  of  Syene  in  Egypt.  It  has  ill  the  appearance 
of  ordinary  granito,  except  where  mineralogically  esimined  m  hind 
specimens,  and  is  fully  entitled  to  rant  as  a  geological  mcrabu  cf  the 
same  plutonio  iamily  as  granite.  Syenite,  however,  after  mamt^ining 
the  granitic  character  throughout  extensive  regions,  is  not  uncommonly 
found  to  lose  its  quartz,  and  te  pass  insensibly  into  syenitic  gieenstone, 
a  rock  of  the  trap  femily.  Werner  considered  syenite  -ui  a  bmdry  eim 
pound  of  felspar  and  hornblende,  and  regarded  quartz  as  merely  one  ot 
its  occasional  minerals. 

Syeaific  gram.ite.—'ih.Q  quadruple  compound  of  quartz,  felspar,  mica, 
and  hornblende,  may  be  so  termed.  This  rock  occurs  in  Scotland  and 
in  Guernsey. 

Talcase  granite,  or  Protogine  of  the  French,  is  a  mixture  of  felspar, 
quartz,  and  talc.  It  abounds  in  the  Alps,  and  in  some  parts  of  Corn- 
wall, producing  by  its  decomposition  the  china  clay,  more  than  12,000 
tons  of  which  are  annually  exported  from  that  coimtry  for  the  potteries.* 

Schorl  rock,  and  schorly  granite.  —  The  former  of  these  is  an  aggre- 
gate of  schorl,  or  tourmaline,  and  quartz.  When  felspar  and  mica  are 
also  present,  it  may  bo  called  schorly  granite.  This  kind  of  granite  is 
comparativdy  rare. 

Eurite.  —  A  rook  in  which  all  the  ingredients  of  gi'anito  are  blended 
into  a  finely  granular  mass.  Crystals  of  quartz  and  mica  are  sometimes 
scattered  through  the  base  of  Eurit«. 

Pegmatite. — A  name  given  by  French  writers  to  a  variety  of  granite ; 
a  granular  mixture  of  quartz  and  felspar ;  frequent  in  granite  veins ; 
passra  into  graphic  granite. 

AU  these  granites  pass  into  certain  kinds  of  trap,  a  circnmstance  which 
affords  one  of  many  arguments  in  favour  of  what  is  now  the  prevailing 
opinion,  that  the  granites  are  also  of  igneous  origin.  Tlie  contrast  of 
the  most  crystalline  form  of  granite,  to  that  of  the  moat  common  and 
earthy  date,  is  undoubtedly  great;  but  each  member  of  the  volcanic 
class  is  capable  of  becoming  porphyritie,  and  the  base  of  the  porphyry 
may  be  more  and  more  crystalline,  until  the  mass  passes  fo  the  kind  of 
granito  most  nearly  allied  in  mineral  composition. 

*  Boflsc  on  Primary  Geology,  p,  113. 
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Tlie  minerals  which  constitute  alike  the  gruDitig  and  Tolcanio  rocks 
congist,  almost  exclusively,  of  seven  elemenls,  namely,  silica,  alumina, 
magnesia,  Hme,  soda,  potash,  and  iron ;  aad  these  may  sometimes  exist 
in  about  the  same  proportions  in  a  porous  lava,  a  compact  ti'ap,  or  a  crys- 
talline granite.  It  may  perhaps  be  found,  on  farther  examination — for 
on  this  aubjeot  we  have  yet  much  to  learn  —  that  the  presence  of  these 
elements  in  certain  proportions  is  more  favourable  than  in  others  to  their 
assuming  a  crystalline  or  tnie  granitic  structure;  but  it  is  also  ascer- 
tained by  experiment,  that  the  same  materials  may,  under  different  cir- 
oumstancea,  form  very  different  rocks.  The  same  lava,  for  esample, 
may  be  glassy,  or  sooriaceous,  or  stony,  or  porphyritic,  according  to  the 
more  or  less  rapid  latfi  at  which  it  cools  j  and  some  trachytes  and  sye- 
nitic-greenstones  may  doubtless  form  granite  and  syenite,  if  the  crystal- 
lization take  place  slowly. 

It  has  also  been  suggested  that  the  peculiar  nature  and  structure  of 
granite  may  be  due  to  its  retmning  in  it  that  water  which  is  seen  to 
escape  from  lavas  when  they  cool  slowly,  and  consolidate  in  the  atmo- 
sphere. Boutigny's  experiments  have  shown  that  melted  matter,  at  a 
white  heat,  requires  to  have  its  temperature  lowered  before  it  cau  va- 
ponrize  water;  and  such  discoveries,  if  they  fail  to  explain  the  manner 
in  which  granites  have  been  formed,  serve  at  least  to  remind  us  of  the 
entire  distinctness  of  the  conditions  under  which  plutonic  and  volcanic 
rocks  must  be  produced.* 

It  would  be  easy  to  multiply  examples  and  authorities  to  prove  the 
gradation  of  the  granitic  into  the  trap  rocks.  On  the  western  side  of 
the  fiord  of  Christiania,  in  Noi-waj,  there  is  a  lai'ge  district  of  trap, 
chiefly  greenstone-porphyry,  and  syenitie-greenstone,  resting  on  fossilife- 
roua  strata.  To  this,  on  its  southern  limit,  succeeds  a  region  equally 
extensive  of  syenite,  the  passage  from  the  volcanic  to  the  plutonic  i-ock 
being  so  gradual  that  it  is  impossible  to  draw  a  line  of  demarcation  be- 
tween tbem. 

"  The  ordinary  granite  of  Aberdeenshire,"  says  Dr.  MacCuUoch,  "  is 
the  usual  ternary  compound  of  quarta,  felspar,  and  mica;  but  some- 
time hornblende  is  substituted  for  the  mica.  But  in  many  places  a 
variety  occurs  which  is  composed  simply  of  felspar  and  hornblende ;  and 
in  examining  more  minutely  this  duplicate  compound,  it  is  observed  in 
some  places  to  assume  a  fine  grain,  and  at  length  to  become  undistin- 
gdshable  from  the  greenstones  of  the  trap  family.  It  also  passes  in 
the  «ame  unmterrupted  mannei  into  a  basalt,  and  at  length  into  a  soft 
ehj  stone,  with  a  schistose  tendency  on  exposure,  in  no  respect  differing 
hom  those  ot  the  trap  islands  of  the  western  ooast."!  The  same 
luthor  mentions,  that  m  Shetland,  a  granite  composed  of  hornblende, 
mica,  felspar,  and  quartz,  graduates  in  an  equally  perfect  manner  into 
basalt  J 

In.  Hungary,  there  are  varieties  of  ti'achyte,  which,  geologically  speak- 
'  •  BuUetin,  vol.  iv.,  2d  eer.,  pp.  1318  ana  1320. 
t  SyBt.'of  Geol.,  vol.  i.  p.  157.  J  Ibid,,  p.  158. 
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1  which  crystals,  not  only  of  mica,  but  of 


ing,  are  of  modern  origin,  it 

qnartz,  are  common,  together  with  felspar  and  hornblende.     It  i 

to  conceive  how  such  volcanic  masaea  may,  at  a  certain  depth  from  tho 

surface,  pass  downwards  into  granite. 

I  have  already  hinted  at  the  close  analogy  in  the  forms  of  certain 
granitio  and  trappean  veins ;  and  it  will  be  found  that  strata  penetrated 
by  plutonic  roets  have  suffered  changes  very  similar  to  those  eshibifed 
near  the  contact  of  volcanic  dike.  Thus,  in  Glen  Tilt,  in  Scotland,  al- 
ternating strata  of  limestone  and  argillaceous  schist  come  m  contact  with 
a  mass  of  granite.  The  contact  does  not  tate  place  as  might  have  been 
looked  for,  if  the  granite  had  been  formed  there  before  the  strata  were 
deposited,  in  which  case  the  section  would  have  appeared  as  in  fig.  490 ; 
hut  the  union  is  as  represented  in  fig.  491,  the  undulating  outline  of  the 


granite  intersecting  different  strata,  and  occasionally  intruding  itself  in 
tortuous  veins  into  the  beds  of  ctay-alate  and  limestone,  from  which  it 
differs  so  remarkably  in  composition.  The  limestone  is  sometimes 
changed  in  character  by  the  prosimity  of  the  granitio  mass  or  its  veins, 
and  acquires  a  more  compact  texture,  like  that  of  hornstone  or  ohei-t, 
with  a  splintery  fracture,  effervescing  feebly  with  acids. 

The  annexed  diagram  (fig.  492)  represents  another  junction,  in  the 
same  district,  where  the  granite  sends  forth  so  many  veins  as  ta  reticu- 
late the  limestone  and  schist,  the  veins  cfimJnishing  towards  their  termi- 
nation tfl  tho  thickness  of  a  leaf  of  paper  or  a  thread.  In  some  places 
fragments  of  granite  appear  entangled,  as  it  were,  in  the  limestone,  and 
are  not  visibly  connected  with  any  larger  mass;  while  sometimes,  on 
the  other  hand,  a  lump  of  tie  limestone  is  found  in  the  midst  of  the 
granite.  The  ordinary  colour  of  the  limestone  of  Glen  Tilt  is  lead  blue, 
and  its  texture  large-grained  and  highly  crystalhne ;  but  where  it  ap- 
proximates to  the  granite,  particularly  where  it  is  peneti-ated  by  the 
smaller  veins,  the  crystalline  texture  disappears,  and  it  assumes  an  ap- 
pearance exactly  resembling  that  of  hornstone.  The  associated  ai-gillar 
ceous  schist  often  passes  into  hornblende  slate,  where  it  approaches  very 
near  to  the  granitc.f 

*  Geol.  Trans.,  lat  series,  vol.  iii.  pi.  21. 

■]■  MaeCullocli,  Geol,  Trans.,  vol.  iii.  p.  259. 
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The  convei&ion  of  tlie  limbstoiie  m  these  and  many  other  mstancta 
into  a  uh.GOM  lOck,  efFccYe^mg  slowly  with  acid",  would  be  difficult 
of  explanation,  were  it  not  ascertained  that  aucli  limestones  sue  always 
impure,  cootainmg  grains  of  quartz,  mica,  oi  felspar  diaseminated 
through  them  The  elements  of  these  mineral,  when  the  rock  has 
been  suhjeLftd  to  gitat  hi-at,  miy  ha¥e  been 
fui,ed,  and  ^o  spread  more  uniformly  through 
the  whole  ma^a 

In  the  plutomc,  as  m  the  volcanic  rooks, 
there  is  every  gradation  from  a  tortuons  vein 
to  the  most  regular  form  of  a  dike,  such  as 
intersect  the  tuffs  and  lavas  of  Vesuvius  and 
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It  is  not  ULcommoa  for  one  set  of  granite  veins  to  intersect  another ; 

and  sometimes  tlierc  are  three  sets,  as  in  the  onvirona  of  Heidelberg, 

where  the  granite  on  tlie  hanks  of  the  river  Neeker  is  seen  to  consist  of 

three  varieties,  differing  in  colour,  grain,  and  various  peculiarities  of 

mineral  composition.    One  of  these, 

''S'*^*-  whioh  is  evidently  the  second  in 

~  age  ii  seen  to  cut  through  an  older 

jjra,n  te    and  another  still  newer, 

traverses  Vth  the  second  and  the 

first 

In  Shetland  there  are  two  kinds 
of  gr  nite  One  of  them  composed 
of  hornblende  m  ca  fpl  par  and 
quiitz  13  of  a  daik  (.olour  and  is 
Been  underijjng  gneiss  The  other 
IS  a  red  gianite  which  penebat  s 
the    dark   variety  everywhere   in 

The  accompanying  sketches  will  esplain  the  manner  in  whioh  granite 
reins  often  ramify  and  cut  each  other  (figs.  494  and  49S).     They  repre- 


n  which  the  gneiss  at  Cape  Wrath,  j 
is  intersected  hy  veins.  Their  light  colour,  strongly  contrasted  with 
that  of  the  homhlende-sehist,  here  associated  with  the  gneiss,  lenders 
them  very  conspicuous. 

Granite  very  generally  assumes  a  finer  grain,  and  undergoes  a  change 
in  mineral  composition,  in  the  veins  which  it  sends  into  contiguous  rocks. 
Thus,  according  to  Professor  Sedwick,  the  main  body  of  the  Cornish 
granite  is  an  aggregate  of  mica,  quartz,  and  felspar;  but  the  veins  are 
sometimes  without  mica,  being  a  granular  aggregate  of  quartz  and  fel- 
spar. In  other  varieties  quai'ta  prevails  to  the  almost  entire  exclusion 
both  of  felspar  and  mica ;  in.  others,  the  mica  and  quarts  both  disappear, 
and  the  vein  is  simply  composed  of  white  granular  felspar.J 


*  MacCullocli,  Sjst.  of  Geol.,  vol,  i 
i  On  Geol.  of  Cornwall,  Camb.  Trai 


p.  58. 


f  Western  Islanda,  pi.  S 
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Fig.  498  is  a  sketeh  of  a  group  of  granite  vi 
by  Messrs,  Von  OovuLauson  and  Von  Duclieii.* 


Goriiwall,  given 
laia  body  of  tlie 


'e  mucb 


granite  here  is  of  a  porpbjntic  appearance,  with  large 

spar ;  but  in  tlie  veins  it  is  fine  g«dned,  and  witbout  these  large  ■ 

Tbe  general  beigbt  of  the  veins  is  from  16  to  20  feet,  bnt  some  a 

In  the  Vaiorsine,  a  valley  not  far  from  Mont  Blanc  in  Switaerland,  an 
ordinary  granite,  consisting  of  felspar,  qnarta,  and  mica,  sends  forth  veha 
into  a  talcose  gneiss  (or  stratified  proto^ne),  and  in  some  places  lateral 
i-amifications  are  thrown  off  from  the  principal  veins  at  right  angles  (see 
fig,  497)^  the  veins,  especially  the  minute  ones,  being  finer  gi-ained  than 
tbe  granite  in 


It  is  here  romatlred,  that  the  schist  and  granite,  as  they  approach, 
seem  to  exercise  a  reciprocal  iufiuence  on  each  other,  for  both  nndergo  a 
modification  of  mineral  character.  Tbe  granite,  still  remaining  unstra- 
tified,  becomes  charged  with  green  particles;  and  the  talcose  gneiss 
assumes  a  granitiform  structure  witbont  losing  its  stratification,  f 

*  Phil.  Mug.  and  Annals,  No.  27,  ni 

■j-  Neeier,  sur  da  Val.  de  Valorsinc,  t 

I  Tiaited,  in  1832,  the  spot  referred  to 
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Professor  Keiltaii  Jrew  my  attention  to  several  localities  in  the 
country  near  Christiania,  where  the  mineral  character  of  gneiss  appears 
to  have  been  affected  by  a  granite  of  much  newer  origin,  for  some 
distance  from  the  point  of  contact  The  gneiss,  without  losing  its 
laminated  structure,  seems  to  have  become  charged  with  a  larger 
quantity  of  felspar,  and  that  of  a  redder  colour,  than  the  felspar  usually 
belonging  to  the  gneiia  of  Norway 

Granite,  syenite,  and  those  porphynes  which  have  a,  granitiform 
structure,  in  short  all  plutonu  rocks,  are  frequently  observed  to  contain 
metals,  at  or  near  their  junction  with  itratified  foi-mations.  On  the 
other  hand,  the  vems  which  f  ra^  erse  stratified  rocks  are,  as  a  general  law, 
more  metalliferous  near  such  junctions  than  in  other  positions.  Hence 
it  has  been  inferred  tliat  these  metals  may  have  been  spread  in  a  gaseous 
form  through  the  fused  mass,  and  that  the  contact  of  another  rock,  in 
a  different  state  of  temperature,  or  sometimes  the  existence  of  rents  in 
other  rocks  in  the  vicinity,  may  'have  caused  the  sublimation  of  the  me- 
tals* 

There  are  many  instances,  as  at  Markerud,  near  Christiania,  in  Nor- 
way, where  the  strike  of  the  beds  has  not  been  deranged  throughout  a 
large  area  by  the  inti'uaion  of  granite,  both  in  lai'ge  masses  and  in  veins. 
This  fact  is  eonsidei-od  by  some  geologists  to  militate  against  the  theory 
of  the  forcible  injection  of  gi'anite  in  a  fluid  state.  But  it  may  be  stated 
in  reply,  that  ramifying  dikes  of  trap,  which  almost  all  now  admit  to 
have  been  once  fluid,  pass  through  the  same  fossiliferous  strata,  near 
Christiania,  without  deranging  tlieir  strike  or  dip.f 

.  The  real  or  apparent  isolation  of  large  or  small  masses  of  gi-anito  de-  . 
tacked  from  the  main  body,  as  at  a  I,  fig.  498,  and  above,  fig.  492,  and 


(L,i  Necker)         °  "  ''™'^' 

a,  Cg.  497,  has  been  thought  by  some  writers  to  be  irreconcilable  with 
the  doctrine  usually  taught  respecting  veins;  but  many  of  them  may, 
in  fact,  be  sections  of  root-shaped  prolongations  of  granite ;  while,  in 
other  cases,  they  may  in  reality  be  detached  portions  of  rock  haying  the 
plutonic  structure.  For  there  may  have  been  spots  in  the  midst  of  the 
invaded  strata,  in  which  there  was  an  assemblage  of  materials  more  fusi- 
ble than  the  rest,  or  more  fitted  to  combine  readily  into  some  form  of 
granite. 

*  Necker,  Proceedmga  of  Geol.  Soc,  No.  26,  p,  392. 

■j-  Sue  Keilhau'a  Geaa  Norvegioa;  Chriatiania,  1838. 
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VeiDs  of  pure  quartz  are  often  found  in  granite,  as  in  many  straliified 
rocks,  but  they  are  not  traceable,  like  veins  of  granite  or  trap,  to  large 
bodies  of  toek  of  similar  composition.  They  appear  to  have  been  cracks, 
into  which  siliceous  matter  watj  inflltereJ.  Such  segregation,  as  it  is 
called,  can  sometimes  bo  shown  to  have  clearly  taken  place  long  subse- 
quently to  the  original  consolidation  of  the  containing  rock.  Thus,  for 
example,  in  the  gneiss  of  Tronstad  Strand,  near  Drammen,  ia  Norway, 
the  annexed  section  is  seen  on  the  beach.  It  appears  that  the  alternat- 
ing strata  of  whitish  granitiform  gneiss,  and  black  homhlende-schist,  were 
first  cut  through  by  a  greenstone  dike,  about  22  feet  wide;  then  the 
crack  a  l  passed  through  all  these  rocks,  and  wm  filled  up  with  quarts. 
The  opp(sito  walls  of  the  vein  are  in  some  parts  encrusted  with  transpa- 
rent crystals  of  quartz,  the  middle  of  the  vein  being  filled  up  with  com- 
mon opaqne  white  quartz. 

We  have  seen  that  the  volca- 
nic formations  have  been  called 
overlying,  because  they  not  only 
penetrate  others,  but  spread 
over  them.  Mr,  Necker  has 
proposed  to  call  the  granites 
the  underlying  igneous  rocks, 
and  the  distinction  here  indi- 
cated is  highly  characteristic. 
It  was  indeed  supposed  by  some 
of  the  cftrlier  observers,  that  the 
granite  of  Christiania,  in  Nor- 
way, was  intercalated  in  mountain  masses  between  the  primary  or  paleo- 
Boio  strata  of  that  country,  so  as  to  overlie  fossiliferons  shale  and  lime- 
atone.  But  althongh  the  granite  sends  veins  into  these  fossiliferons  rocks, 
and  is  decidedly  posterior  in  origin,  its  actual  superposition  in  masa  has 
been  disproved  by  Professor  Keilhau,  whose  observations  on  t3ua  contro- 
verted point  I  had  opportunities  in  1837  of  verifying.  There  are,  how- 
ever, on  a  smaller  scale,  certain  beds  of  euritic  porphyry,  some  a  few 
feet,  otkers  many  yards  in  thickness,  which  pass  into  granite,  and  deserve 
perhaps  to  be  classed  as  plutonio  rather  than  trappean  rocks,  which  may 
truly  be  described  as  intei-posed  conformably  between  fcMsiliforous  strata, 
as  the  porphyries  (a  c,  fig.  500),  which  divide  the  bituminous  shales  and 


argillaceous  limestones,  //     But  some  of  these  same  porphyries  are 
partially  unconformable,  as  b,  ami  may  load  us  io  suspect  tiat  the  others 
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also,  notwithstanding  their  appearance  of  interstratiScation,  have  heen 
forcibly  injected.  Some  of  the  porphyritic  rocks  ahove  mentioned  are 
highly  quarfaoae,  others  very  felapathic.  In  proportion  as  the  masses 
are  more  voluminous,  they  become  more  granitic  in  their  texture,  less 
conformahle,  and  even  begin  to  send  forth  veins  into  contiguous  strata. 
In  a  word,  we  have  here  a  beautiful  illustration  of  the  intermediate  gra- 
dations between  volcanio  and  plutonic  rocks,  not  only  in  their  mineral- 
ogical  corapoation  and  structure,  but  also  in  their  relations  of  position 
to  associated  formations.  If  the  term  overlying  can  in  this  instance  be 
applied  to  a  plutonio  rock,  it  is  only  in  proportion  as  that  rock  begins  to 
acquire  a  trappean  aspect. 

It  has  heen  already  hinted  that  the  heat,  which  in  every  active  volca- 
no estenda  downwards  to  iodefinite  depths,  must  produce  simultaneously 
very  different  effects  near  the  surface,  and  far  holow  it ;  and  we  cannot 
suppose  that  rocks  resulting  from  the  crystallizing  of  fused  matter  under 
a  pressure  ot  several  thousand  feet,  much  less  miles,  of  the  earth's  crust 
can  resemble  those  formed  at  or  near  the  surface.  Hence  the  production 
at  great  depths  of  a  class  of  rooks  analogous  to  the  volcanic,  and  yet 
differing  in  many  paitaoulars,  might  almost  have  been  predicted,  even 
had  we  no  plutonic  formations  to  account  for.  How  well  these  agree, 
both  in  their  positive  and  negative  characters,  with  the  theory  of  their 
deep  subterranean  ori^n,  the  student  will  be  enabled  to  judge  by  con- 
sidering the  descriptions  already  given. 

It  has,  however,  been  objected,  that  if  the  granitic.and  volcanic  rocks 
were  simply  different  parts  of  one  great  series,  we  ought  to  find  in  moun- 
tain chains  volcanic  dikes  passing  upwards  into  lava,  Mid  downwards  into 
granite.  But  we  may  answer,  that  our  vertical  sections  are  usually  of 
small  extent ;  and  if  we  find  in  certain  places  a  transition  from  trap  to 
porous  lava,  and  in  others  a  passage  from  granite  to  trap,  it  is  as  much 
as  could  be  expected  of  this  evidence. 

The  prodigious  extent  of  denudation  which  has  heen  already  demon- 
strated to  have  occurred  at  former  periods,  will  reconcile  the  student  to 
the  belief  that  crystalline  rooks  of  high  antiquity,  although  deep  in  the 
earth's  crust  when  first  formed,  may  have  become  uncovered  and  exposed 
at  the  surfeice.  Their  actual  elevation  above  the  sea  may  be  referred  U> 
the  same  causes  to  which  we  have  attributed  the  upheaval  of  marine 
strata,  even  to  the  summits  of  some  mountain  chains.  But  to  these  and 
other  topics,  I  shall  revert  when  speaking,  in  the  next  chapter,  of  the 
relative  ages  of  different  masses  of  granite. 
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CHAPTER  XXXIV. 

ON   THE   DIFFERENT   AGES   OF   TIIll   PLUTONIC   ROCK 3. 

Difficulty  in  aBocrtainicg  the  precise  age  of  a  plutonio  rock  — Test  of  age  by 
relatiTe  position — Teat  by  intrusion  and  alteration — Test  by  mineral  composi- 
tion—Test by  included  fragments  ^Recent  and  Pliocene  plutonio  rocks,  why 
jnTisible — Tertiary  plutonio  rocks  in  the  Andes— Granite  altering  Cretaceous 
rocks  —  Granilfl  altering  Lias  in  the  Alps  and  in  Skye— Granite  of  Dartmoor 
altering  Carboniferous  strata  —  Granite  of  the  Old  Red  Sandstone  period  — 
Syenite  altering  Silurian  strata  !□  Nornay — Blending  of  the  same  with  gneiss 
—  Most  ancient  plutonic  rooliB  —  Granite  protruded  in  a  solid  form  —  On  the 
probable  age  of  the  granites  of  Arran,  in  Scotland. 

When  we  adopt  the  igneous  theory  of  granite,  as  esplained  in  the 
last  chapter,  and  heJieve  that  different  plutonic  rocks  have  originated  at 
successive  periods  heneath  the  surface  of  the  planet,  we  must  be  pre- 
pared to  eDconnt«r  greater  difficulty  in  aaeertaining  the  precise  age  of 
such  rocks,  than  in  the  case  of  volcanic  and  fossiliferons  formations. 
We  must  bear  in  mind,  that  the  evidence  of  the  age  of  each  contempo- 
raneous voleanie  rock  was  derived,  th  f  m  1  as  pomed  t  po  th 
ancient  surface,  whether  in  the  se        a  th     tm   pt  f  n   t  ff 

and  conglomerates,  also  deposited    t  th         f  d     t!  t 

organic  remains  themselves,  or  int    eal  ted  h  tw  t    t  t 

fossils.     But  all  these  t«3ts  fait  wh  n  w       d  t«  fi    th      h 

logy  of  a  roct  which  has  crystallized  f  ttff  thhl 

of  the  earth.  In  that  case,  we  are  reduced  to  the  following  f«sts;  1st, 
relative  position ;  2dty,  intrusion,  and  alteration  of  the  roolrs  in  contact ; 
Sdly,  mineral  characters;  4thly,  included  fragments. 

Test  of  age  hy  relative  posiHon.  —  Unaltered  fossiliferous  strata  of 
every  age  are  met  with  reposing  immediately  on  plutonic  rocks ;  as  at 
Ohristiania,  in  Norway,  where  the  Newer  Pliocene  deposits  rest  on  gra- 
nite ;  in  Auvergne,  where  the  fresh-water  Eocene  strata,  and  at  Heidel- 
berg, on  the  Rhine,  where  the  New  Ked  sandstone,  occupy  a  similar 
place.  In  all  these,  and  similar  instances,  inferiority  in  portion  is  con- 
nected with  lie  supeM.or  antiquity  of  granite.  The  crystalline  rock  was 
solid  hefore  the  sedimentary  beds  were  superimposed,  and  the  latter 
usually  contMn  in  them  rounded  pehWes  of  the  subjacent  granite. 

Test  hy  intrusion  and  alteration. — But  when  plutonic  rocks  send 
veins  into  strata,  and  alter  them  near  the  point  of  contact,  in  the  manner 
before  described  (p.  442),  it  is  clear  that,  like  intrusive  traps,  they  are 
newer  thmi  the  strata  which  they  invade  and  alter.  Examples  of  the 
application  of  this  test  will  be  given  in  the  sequel. 

Test  hy  miTieral  a}Ttvpodtimi. — Notwithstanding  a  general  uniformity 

in  the  aspect  of  plutonic  rooks,  we  have  seen  in  the  last  chapter  that 

29 
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tliere  are  inaDy  vaa-ieties,  such  as  Syenite,  Talcose  granite,  and  others. 
One  of  these  varieties  is  sometimes  found  csclusivelj  prevailing  through- 
out an  extensive  region,  where  it  preserves  a  homogeneous  character ;  so 
that  having  ascertained  its  relative  age  in  one  place,  we  can  easily  recog- 
nize its  identity  in  others,  and  thus  determine  from  a  single  sectiou  the 
chronological  relations  of  large  mouutMii  masses.  Having  observed,  for 
example,  fliat  the  syenitie  granite  of  Norway,  in  which  the  mineral 
called  zircon  abounds,  has  altered  the  SUurian  strata  wherever  it  is  ia 
contact,  we  do  not  hesitate  to  refer  other  masses  of  the  same  zircon- 
syenite  in  the  south  of  Norway  to  the  same  era. 

Some  have  imagined  that  the  age  of  different  granites  might,  to  a 
great  extent,  be  detei-mined  by  tlieir  mineral  characters  alone ;  syenite, 
for  instance,  or  granite  with  hornblende,  being  more  modern  than  com- 
mon or  micax3eons  granite.  But  modern  investigations  have  proved  these 
generalizations  to  have  been  premature.  The  syenitic  granite  of  Nor- 
way already  alluded  to  may  be  of  the  same  age  aa  the  Siluiian  strata, 
which  it  traverses  and  altera,  or  may  belong  to  the  Old  Red  sondstonc 
period;  whereas  the  granite  of  Dartmoor,  although  consisting  of  mica, 
quarta,  and  felspar,  is  newer  than  the  coal.     (See  p.  456.) 

Test  hi/  incl-uded  fragments.  — This  criterion  can  rarely  be  of  much 
importance,  because  the  fragments  involved  in  granite  are  usually  so 
much  altered,  that  they  cannot  be  refei-red  with  certainty  to  the  rooks 
whence  they  were  derived.  In  the  White  MountMns,  in  North  Ame- 
rica, according  to  Professor  Hubbard,  a  granite  vein  traversing  granite, 
contains  fragments  of  slate  and  trap,  which  must  have  fallen  into  the 
fissure  when  the  fused  materials  of  the  vein  were  injected  from  below,* 
and  thus  the  granite  ia  shown  to  be  newer  than  certain  superficial  slaty 
and  trappean  formations. 

Recent  and  Pliocene  plutonic  roclcs,  why  invisible.  — The  explanation 
already  ^ven  in  the  29th  and  in  the  last  chapter,  of  the  probable  rela- 
tion of  the  plutonic  to  the  volcanic  formations,  will  aatiimlly  lead  the 
reader  to  infer,  that  the  rocks  of  the  one  class  can  never  be  produced  at 
or  near  the  surfeee  without  some  members  of  the  other  being  formed 
below  simultaneously,  or  soon  afterwai-ds.  It  is  not  uncommon  for  lava- 
streams  to  require  more  than  ten  years  to  cool  in  the  open  air;  and 
where  they  are  of  great  depth  a  much  longer  period.  The  melted 
matter  poured  from  JornUo,  in  Mexico,  in  the  year  1759,  which  accu- 
mulated in  some  places  to  the  height  of  550  feet,  waa  found  to  retain  a 
high  temperature  half  a  century  after  the  eruption. f  We  may  conceive, 
therefore,  that  great  masses  of  subterranean  lava  may  remain  in  a  red- 
hot  or  incandescent  state  in  the  volcanic  foci  for  immense  periods,  and 
the  process  of  refrigeration  may  be  extremely  gradual.  Sometimes,  in- 
deed, this  process  may  be  retarded  for  an  indeSnite  period,  by  the  acces- 
sion of  fresh  supplies  of  heat ;  for  we  find  that  the  lava  in  the  crater  of 
Stromboli,  one  of  the  Lipari  Islands,  has  been  in  a  state  of  constant 

*  Silliman's  Joara.,  No.  S9,  p.  123.      f  See  "Principles,"  Index,  "  JonUlo." 


-=b,Google 


Ch.  XXXIV.]  PLUTONIC   KOCKS.  451 

eliullitioii  for  the  last  two  thousand  years;  and  we  may  suppose  this 
fluid  mass  to  communicate  with  some  caldron  or  reservoir  of  fused- 
matter  helow.  In  the  Isle  of  Bourhon,  also,  where  there  has  he'en  an 
emission  of  lava  once  in  every  two  years  for  a  long  period,  the  lava 
below  can  scarcely  fail  to  have  been  permanently  in  a  state  of  liqwefec- 
tion.  If  then  it  he  a  i-easonable  conjecture,  that  about  2000  volcanic 
eruptions  occur  in  the  course  of  every  eentury,  either  above  the  waters 
of  the  sea  or  beneath  them,*  it  will  follow  that  the  quantity  of  plutonic 
rock  generated,  or  in  progress  during  the  Recent  epoch,  must  already 
have  been  considerable. 

But  as  the  plutonic  rocks  originate  at  some  depth  in  the  earth's  crust, 
they  can  only  be  rendered  accessible  to  human  observation  by  subsequent 
upheaval  and  denudation.  Between  the  period  when  a  plutonic  i-ock 
crystallizes  in  the  subt-erranean  regions,  and  the  era  of  its  protrusion  at 
any  single  point  of  the  suriiwie,  one  or  two  geological  periods  must 
usually  intervene.  Hence,  we  must  not  expect  to  find  the  Eecent  or 
Newer  Pliocene  granites  laid  open  to  view,  nnless  we  are  prepared  to 
assume  that  sufficient  time  has  elapsed  since  the  commencement  of  the 
Newer  Pliocene  period  for  great  upheaval  and  denudation.  A  plutonic 
rook,  therefore,  must,  in  general,  be  of  considerable  antiquity  relatively 
to  the  fossiliferous  and  volcanic  formations,  before  it  becomes  extensively 
visible.  As  we  know  that  the  upheaval  of  land  has  been  sometimes 
accompanied  in  South  America  by  volcanic  eruptions  and  the  emission 
of  lava,  we  may  conceive  the  more  ancient  plutonic  rocks  to  be  forced 
upwards  to  the  surface  by  the  newer  rocks  of  the  same  class  formed  suc- 
eessively  below, — subterposition  in  the  plutonic,  like  superposition  in  the 
sedimentary  rocks,  being  usually  characteristic  of  a  newer  origin. 

In  the  accompanying  diagram  (fig.  501),  an  attempt  is  made  to  show 
the  inverted  order  in  which  sedimentary  and  plutonic  formations  may 
occur  in  the  earth's  crust. 

The  oldest  plutonic  rod!.  No.  I.,  has  been  upheaved  at  successive 
periods  until  it  has  become  exposed  to  view  in  a  mountain-chain.  This 
protrusion  of  No.  I.  has  been  caused  by  the  igneous  agency  which  pro- 
duced the  newer  plutonic  rocks  Nos.  II.,  III.,  and  IV.  Part  of  the 
primary  fossiliferous  strata,  No.  1,  have  also  been  raised  to  the  surface 
by  the  same  gradual  process.  It  will  be  observed  that  the  Uecent 
strata  No.  4,  and  the  Recent  granite  or  plutonic  rock  No.  IV.,  ai-e  the 
most  remote  from  each  other  in  position,  although  of  contemporaneous 
date.  According  to  this  hypothesis,  the  convulsions  of  many  periods 
will  be  required  before  Recent  granite  will  be  upraised  so  as  to  form  tho 
highest  ridges  and  central  asea  of  mountain-ch^s,  Ihiring  that  time 
the  Beeent  strata  No.  4  might  be  covered  by  a  great  many  newer  sedi- 
mentary formations. 

Eocene  granite  and  plutonic  rorJes. — In  a  former  part  of  this  volume 
(p.  205),  tho  gTcat  nummulitic  formation  of  the  Alps  and  Pyrenees  was 

»  "Principles,"  7nfe,  "Volcanic Eruptions." 
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referred  to  the  Eocene  period,  and  it  follows  tliat  those  vast  movomenta 
which  have  raised  foaaihferoita  rooks  from  the  level  of  the  sea.  to  the 
height  of  more  than  10,000  feet  ahove  its  level  have  taken  place  since 
the  eommcncement  of  the  tertiary  epoch.  Here,  therefore,  if  anywhere, 
we  might  expect  to  find  hjpogenic  formations  of  Eocene  date  breaking 
out  in  the  central  axis  or  most  distmhed  region  of  the  loftiest  chain  in 
Europe.  Accordingly,  in  the  Swiss  Alps,  even  the/yscA,  or  upper  por- 
tion of  the  nummulitic  series,  has  been  occasionally  invaded  hy  plutonio 
roeka,  and  converted  into  crystalline  schists  of  the  hjpogene  class. 
There  can  be  little  donht  that  even  the  taleose  granite  of  Mont  Blanc 
itself  has  been  in  a  fused  or  pasty  state  since  the  fiysch  was  depraited 
at  the  bottom  of  the  sea ;  and  the  question  as  to  ita  age  is  not  so  much 
whether  it  be  a  secondary  or  tertiary  granite,  as  whether  it  should  be 
assigned  to  the  Eocene  or  Miocene  epoch. 

Great  upheaving  movements  have  been  experienced  in  the  region  of 
the  Andes,  during  the  Post-Pliocene  period.  In  some  part,  therefore, 
of  this  chwn,  we  may  expect  to  discover  tertiary  plutonic  rocks  laid  open 
to  view.  What  we  already  know  of  the  structure  of  the  Chilian  Andes 
seems  to  realize  this  expectation.  In  a  transverse  section,  examined  by 
Mr.  Darwin,  between  Valparaiso  and  Mendoza,  the  Cordillera  was  found 
to  consist  of  two  separa,te  and  parallel  chains,  formed  of  sedimentai'y 
rocks  of  different  ages,  the  strata  in  both  resting  on  plutonic  rocks,  by 
which  they  have  been  altered.  In  the  western  or  oldest  range,  called 
the  Peuqucnes,  aro  black  calcareous  chiy-slates,  rising  to  the  height  of 
nearly  14,000  feet  above  the  sea,  in  which  are  shells  of  the  genera  Gry- 
phwa,  Tiirriiella,  Terehrattda,  and  Aminowke.  These  rocks  are  sup- 
posed to  be  of  the  age  of  the  central  parts  of  the  secondary  series  of 
Europe.  They  are  penetrated  and  altered  by  dikes  aod  mountain  masses 
of  a  plutonic  rook,  which  has  the  texture  of  ordinary  granite,  but  rarely 
contains  quartz,  being  a  compound  of  albite  and  hornblende. 

The  second  or  eastern  chain  consists  chiefly  of  sandstones  and  con- 
glomerates, of  vast  thickness,  the  materials  of  which  are  derived  from 
the  ruins  of  the  western  chain.  The  pebbles  of  the  conglomerates  are, 
for  the  most  part,  rounded  fragments  of  the  fossiliferous  slates  before 
mentioned.  The  resemblance  of  the  whole  series  to  certain  tertiary 
deposits  on  the  shores  of  the  Paoiflc,  not  only  in  mineral  character,  but 
in  the  imbedded  lignite  and  silioified  woods,  leads  to  the  conjecture  that 
they  also  aro  tertiary.  Yet  these  strata  aro  not  only  associated  with  trap 
rocks  and  volcanic  tufls,  but  are  also  altered  by  a  granite  consisting  of 
quartz,  felspar,  and  talc.  They  are  traversed,  moreover,  by  dikes  of  the 
same  granite,  and  by  numerous  veins  of  iron,  copper,  arsenic,  silver,  and 
gold ;  all  of  which  can  be  traced  to  the  underlying  gi-anitc.*  We  have, 
Sierefore,  strong  ground  to  presume  that  the  plutonic  rock,  here  exposed 
on  a  large  scale  in  the  Chilian  Andes,  is  of  later  date  than  certain  terti- 
ary formations. 

•  Darwin,  pp.  890,  406;  second  edilion,  p.  319. 
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But  the  theorj?  adopted  in  this  work  of  the  subterraneaE  origin  of  the 
hjpogcue  formations  would  be  untenable,  jf  the  supposed  fact  here 
alluded  to,  of  the  appearance  of  tertiary  gi'anite  at  the  surface  was  not 
a  rare  exception  to  the  general  rule.  A  considerable  lapse  of  time  must 
intervene  between  the  formation  in  the  nether  regions  of  plutonio  and 
metamorphic  rooks,  and  their  emergence  at  the  surface.  For  a  long 
aeries  of  subterranean  movements  must  occur  before  such  rooks  can  be 
uplifted  into  the  atmosphere  or  the  ocean  ;  and,  before  they  caM  bo  ren- 
dered  visible  to  man,  some  sti'ata  which  previously  covered  tbem  must 
usually  kave  been  stripped  off  by  denudation. 

We  know  that  in  the  Bay  of  Baite,  in  1538,  in  Outch  in  1819,  and 
on  several  occasions  in  Peru  and  ChDi,  since  the  commencement  of  the 
present  century,  the  permanent  upheaval  or  subsidence  of  land  has  been 
accompanied  by  the  simultaneous  emission  of  lava  at  one  or  more  points 
in  the  same  volcanic  re^on.  IJVom  these  and  other  examples  it  may  be 
inferred  that  the  rising  or  sinking  of  the  eai-th's  crust,  operations  by 
which  sea  is  converted  into  land,  and  land  into  sea,  are  a  part  only  of 
the  consequences  of  subterranean  igneous  action.  It  can  scarcely  be 
doubted  that  this  action  eonsista,  in  a  great  degree,  of  the  b^ing,  and 
occasionally  the  liquefaction,  of  rocks,  causing  them  to  assume,  ia  some 
cases  a  larger,  in  other  a  smaller  volume  than  before  the  application  of 
beat.  It  consists  also  in  the  generation  of  gases,  and  their  expansion 
by  beat,  and  the  injection  of  liquid  matter  into  rents  formed  in 
superincumbent  rocks.  The  prodi^ous  scale  on  which  these  subten'anean 
causes  have  operated  in  Sicily  since  the  deposition  of  the  Newer 
Pliocene  strata  will  be  appreciated,  when  we  remember  that  throughout 
half  the  sorfiiee  of  that  iaknd  such  strata  are  met  with,  raised  to  the 
height  of  from  50  to  that  of  2000  and  even  3000  feet  above  the  level 
of  the  sea.  In  the  same  island  also  the  older  rocks  which  are  contiguous 
to  these  marine  tertiary  strata  must  have  undergone,  within  the  same 
period,  a  similar  amount  of  upheaval. 

The  like  observations  may  be  extended  to  nearly  the  whole  of  Europe, 
for,  since  the  commencement  of  the  Eocene  period,  the  entire  European 
area,  including  some  of  the  central  and  very  lofty  portions  of  the  Alps 
themselves,  as  I  have  elsewhere  shown*  has,  with  the  exception  of  a 
few  districts,  emerged  from  the  deep  to  its  present  altitude  ;  and  even 
those  tracts,  which  were  already  dry  land  before  the  Eocene  era,  have 
almost  everywhere  acquired  additional  height.  A  large  amount  of 
subsidence  has  also  occurred  during  the  same  period,  so  that  the 
extent  of  the  subterranean  spaces  which  have  either  become  the 
receptacles  of  sunken  fragmenla  of  the  earth's  crust,  or  have  been  ren- 
dered capable  of  sxtpporting  other  fi-agments  at  a  much  greater  height 
than  before,  must  be  so  great  that  they  probably  equal,  if  not  exceed  in 
volume,  the  entire  continent  of  Europe.  We  are  entitied,  therefore,  to 
ask  what  amount  of  change  of  equivalent  importance  can  be  proved  to 

*  See  map  of  Europe  and  osplanalion,  in  Principles,  book  i. 
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have  occurred  m  the  earth's  crust  within  an  equal  quantity  of  time  an- 
terior to  the  Eocene  epoch.  They  who  contend  for  the  more  intense 
energy  of  suhterraaean  causes  in  the  remoter  eras  of  the  earth's  history, 
may  find  it  more  difficult  to  give  an  answer  to  this  question  than  they 
anticipated. 

The  principal  effect  of  volcanic  action  in  the  nether  regions,  during 
the  tertiary  period,  seems  to  have  consisted  in  the  upheaval  to  the  sur- 
face of  hypogene  formations  of  an  age  anterior  to  the  carboniferous. 
The  repetition  of  another  aeries  of  movements,  of  equal  violence,  might 
upraise  the  plutonic  and  metamorphic  rocks  of  many  secondary  periods; 
and  if  the  same  force  should  atil!  continue  to  act,  the  neit  convulsion 
might  hring  up  to  the  day,  the  tertiary  and  recent  hypogene  rocks.  In 
the  course  of  such  changes  many  of  the  existing  sedimentary  strata 
would  suffer  greatly  by  denudation,  others  might  assume  a  meta- 
morphic Btnicture,  or  become  melted  down  into  plutonic  and  volcanic 
rocks.  Meanwhile  the  deposifion  of  a  vast  thickness  of  new  strata  ■would 
not  fail  to  take  place  during  the  upheaval  and  partial  destruction  of  the 
older  rocks.  But  I  must  refer  the  reader  to  the  last  chapter  but  one  of 
this  volume  for  a  fuller  explanation  of  these  views. 

Cretaceous  period.  —  It  wiU  be  shown  in  the  nest  chapter  that  chalk, 

iffi  well  as  lias,  has  been  altered  by  granite  in  the  eastern  Pyrenees. 

Whether  such  granite  be  cretaceous  or  tertiary  cannot  easily  be  decided. 

Big.  6oa.  Suppose  6,  c,d,to  be  three  members  of 

the  Cretaceous  series,  the  lowest  of  which, 

h,  has  been  altered  by  the  gi-anite  A,  the 

modifying  influence  not  having  extended 

so  far  as  c,  or  having  but  slightly  affected 

its  lowest  beds.     Now  it   can  rarely  be 

for  the  geologist  to  decide  whether 

the  beds  d  existed  at  the  time  of  the  intrusion  of  A,  and  alteration  of 

b  and  c,  or  whether  they  were  subsequently  thrown  down  upon  c. 

As  some  Cretaceous  rocks,  however,  have  been  raised  to  the  height 
of  more  than  9000  feet  in  the  Pyrenees,  we  must  not  a^ume  that  plu- 
tonic formations  of  the  same  age  may  not  have  been  brought  up  and 
exposed  by  denudation,  at  the  height  of  2000  or  3000  feet  on  the  flanks 
of  that  chain. 

Period  of  Oolite  and  Lias. — In  the  department  of  the  Hawtes  Alpes, 
in  France,  near  Tizille,  M.  Elie  de  Beaumont  traced  a  black  argillaceous 
limestone,  charged  with  belemnites,  to  within  a  few  yards  of  a  mass  of 
granite.  Here  the  limestone  begins  to  put  on  a  granular  testuro,  but 
is  extremely  fine-grained.  When  nearer  the  junction  it  becomes  grey, 
and  has  a  saccharoid  stmoture.  In  another  locality,  near  Champoleon,  a 
granite  posed  f  qu  t  hi  1  m  and  rose-coloured  felspar,  is 
observe  i  p    tly  t  1     th      ec  nd    y    ocks,  producing  an  alteration 

which  xtends  f  al  t  0  t  t  d  wnw  i-ds,  diminishing  in  the  beds 
which  1  e  f   th    t  f        tl     gr  n  t        (fi  &  ^g-  503.)     In  the  altered 
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mass  the  argillaceous  beds  are 
hardened,  the  limcBtone  is  sac- 
charoid,  the  gritz  qiiartzose, 
and  in  the  midat  of  them  is  a 
thin  layer  of  an  imperfect 
granite.  It  is  also  an  impor- 
tant circumstance  that  near 
tke  point  of  contact,  both  the 


and 


granitf 
rock a    becon 
and  contain 


secondary 
mctalUferous, 
^ts  and   small 


and  copper  pyrites.    Tlie  stra- 
tified rocks  become  harder  and 
more  crystalline,  but  the  gra- 
nite, on   tlie  contrary,  softer 
and  loss  perfectly  crystallized 
near  the  junction.* 
Although  tlie  granite  is  mcumhent  in  tbe  aboye  section  (fig.  503),-  we 
cannot  assume  that  it  overflowed  the  strata,  for  the  disturbances  of  the 
rocks  are  so  great  in  this  part  of  the  Alps  that  they  seldom  retain  the 
position  which  they  must  originally  have  occupied. 

A  considerable  mass  of  syenite,  in  the  Isle  of  Skye,  is  described  hy 
Dr.  MaeCulloch  aa  intersecting  limestone  and  shale,  which  are  of  the 
age  of  the  lias.f  The  limestone,  which,  at  a  greater  distance  from  the 
granite,  contains  shells,  exhibits  no  traces  of  them  near  its  junction, 
where  it  has  been  converted  into  a  pure  crystalline  marble.]; 

At  Predazzo,  in  the  Tyrol,  secondary  strata,  some  of  which  are  lime- 
stones of  the  Oolite  period,  have  been  traversed  and  altered  by  plutonic 
rocks,  one  portion  of  which  is  an  angitie  porphyry,  which  passes  insen- 
sibly into  granite.  The  limestone  is  changed  into  granular  marble,  with 
a  band  of  serpentine  at  the  juriction.g 

Carboni/eroui  period.  ~1he  granite  of  Dartmoor,  in  Devonshire,  was 
formerly  supposed  to  be  one  of  the  most  ancient  of  the  plutonic  rocks, 
but  is  now  ascerta,ined  to  be  posterior  in  dat«  to  the  culm-measures  of 
that  county,  which,  from  their  position,  and  as  containing  true  coal- 
plants,  are  regarded  by  Professor  Sedgwick  and  Sir  K.  Murchison  as 
members  of  the  true  carboniferous  series.  This  granite,  like  the  syeni- 
tic  granite  of  Chriatiania,  has  broken  through  the  stratified  formations 
without  much  changing  their  strike.  Hence,  on  the  north-west  side  of 
Dartmoor,  the  successive  members  of  the  culm-measures  abut  against  the 
granite,  and  become  metamorphic  as  they  approach.     These  strata  are 

*  Elie  de  Beaumont,  sur  les  Montngnes  de  I'Oisiitis,  &e.  Mi5in.  de  la  Soe. 
I'HiBt.  Nat.  de  Paris,  torn.  v. 

t  See  Murchison,  Geo!.  Trans.,  2d  aerios,  toI.  li.,  part  ii.,  pp.  3U— 321. 
j  Westem  Islands,  vol,  i.  p.  330,  plate  18,  figs.  B,  4. 
J  Von  Buch,  Annates  de  Chimie,  &o. 
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'  called  "elvans" 
1  th     f 


t  ii  bt 


bl 


t  by  granite  Teiu')  and  plutonic  diltes 
The  granite  of  C  raw  11       p    b  1  ly    f  tl 
as  modern  as  th    C    b      f  trat      f      t  m    J       w 

Silurian  pe    od  —  It  his  1        b        k  th  t  fh 

Christiania,  in  N  rw  j         f      w  ^      th       tl     8il 

that  region.     V      B    I    fa    t  i        1813   th    d 

posteriority  in  d  t    t    Imi    t  tai      g      tl       rat 

The  proofe  con     t        thptrt         fornit 
and  hmestom,       dth      1       t        fth      ttaf         co 
tance  fr  m  tlie  p      t  i       t    t  f  th   f  th  ani  th    ce  ti  1  m  as 

from  nhicii  they  emanate  (See  p  44"  )  Von  Buoh  supposed  that  the 
plutoni  10  k  alternated  with  the  f  ssiliforous  strata,  and  that  large 
mas'se^i  of  granite  were  aometimc  miumbent  upon  tlie  atrata;  but  this 
idea  was  erroneous,  ind  arose  fiom  the  fact  that  the  beds  of  shale  and 
limestone  often  dip  towards  the  granite  up  to  the  point  of  contact,  ap- 
pearing as  if  they  would  piss  under  it  in  mass,  as  at  a,  fig.  504,  and 
then  agdin  on  the  opposite  side  of  the  same  mountain,  as  at  h,  dip  away 
from  the  same  granite.  When  the  junctions,  however,  are  carefully 
examined,  it  is  found  that  the  plntonic  rock  intrudes  itself  in  veins,  and 
nowkere  covers  tke  fossiliferous  strata  in  large  overlying  masaea,  as  is 
ao  commonly  tie  case  with  trappean  formationa.f 


Now  thia  granite,  which  is  more  modem  than  the  Silurian  strata  of 
Norway,  also  sends  veins  in  tko  same  country  into  an  ancient  formation 
of  gneiss ;  and  the  relations  of  the  plutonic  rock  and  the  gneiss  at  their 
junction,  are  full  of  interest  when  we  duly  consider  tke  wide  difference 
of  epoch  which  must  have  separated  their  origin. 

The  length  of  this  interval  of  time  is  attested  by  the  foOowing  facts : — 
The  fossiliferous,  or  Silurian  beds,  rest  uneonformably  upon  the  trun- 
cated edges  of  the  gneiss,  the  inclined  strata  of  which  had  been  disturbed 
and  denuded  before  the  sedimentary  beds  were  superimposed  (see  fig. 
505).     The  signs  of  denudation  are  twofold;  first,  the  surface  of  tke 


*  Proceedings  of  Geol.  Soc,  vol.  ii.,  p.  662. 

t  See  tlie  Giea  NorvegLoa  and  other  worlts  of  Kcilhau,  with  nlioni  I  exammed 

is  country. 
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gneiss  is  seen  oceasioBally,  on  the  removal  of  the  newer  beds,  contain- 
ing organio  remains,  to  be  worn  and  smootiied;  secondly,  pebbles  of 
gneiss  bave  been  found  in  some  of  tbe  transition  strata.  Between  the 
origin,  therefore,  of  tbe  gneiss  and  the  granite  there  intervened,  first, 
tie  period  wben  the  strata  of  gneiss  were  inclined ;  secondly,  the  period 
when  they  were  denuded;  thii-dly,  the  period  of  the  deposition  of  the 
transition  deposits.  Tet  the  granite  produced,  after  this  long  interval, 
is  often  so  intimately  blended  with  the  ancient  gneiss,  at  the  point  of 
Junction,  that  it  is  impossible  to  di'aw  any  other  than  an  arbitrary  line 
of  separation  between  them ;  and  where  this  is  not  the  case,  tortuous 
veins  of  granite  pass  freely  through  gneiss,  ending  sometimes  in  threads, 
ae  if  the  older  rock  had  offered  no  resistanc*  to  their  passage.  It  seems 
nece^acy,  therefore,  to  conceive  that  the  gneiss  was  softened  and  more 
or  less  melted  when  penetrated  by  the  granite.  But  had  such  junctions 
alone  been  visible,  and  had  we  not  leamt,  from  other  sections,  how  long 
a  period  elapsed  between  the  consolidation  of  the  gneiss  and  the  injec- 
tion of  this  granite,  we  might  have  suspected  that  the  gneiss  was  scarcely 
solidified,  or  had  not  yet  assumed  its  complete  metamorphic  character, 
when  invaded  by  tbe  plutonic  rock.  From  this  example  we  may  learn 
how  impossible  it  is  to  conjecture  whether  certain  granites  in  Scotland, 
and  other  countries,  which  send  veins  into  gneiss  and  other  metamorphic 
rocks,  are  primary,  or  whether  they  may  not  belong  to  some  secondaiy 
or  tertiary  period. 

Oldest  granites. — It  is  not  half  a  century  since  the  doctrine  was  very 
general  that  all  granitic  rocks  were  primitive,  that  is  to  «ay,  that  they 
1  before  the  deposition  of  the  first  sedimentary  itrata,  ind 
th  creation  of  organio  beings  (see  above,  p.  9).  But  so  greatly 
a  ur  ews  now  changed,  that  we  find  it  no  easy  task  to  pomt  ont  ■» 
s  tt  1  mss  of  granit«  demonstrably  more  ancient  than  all  the  known 
f  asilif  us  depe  ^iits.  Could  we  discover  some  Lower  Cambnin  strita 
est  ng  mmediately  on  granite,  there  being  no  fjferations  at  the  point 
f  nt,  t  noi  lay  interseeting  granitic  veins,  we  might  then  affirm  tbe 
pi  t  n  rock  to  have  originated  before  the  oldest  known  fo^ifeious 
t  ta  '^tili  it  woidd  be  presumptuous  to  suppose  that  when  a  =mall 
pa  t  nly  of  the  globe  has  been  investigated,  we  are  acquamfel  with  the 
oldest  f  ssilifeiouB  strata  in  the  crust  of  our  planet.  Even  when  these 
are  io\  n  ]  we  lannot  assume  that  there  never  were  any  antecedent  strata 
e  ntaming  organic  remains,  which  may  have  become  metamorphic.  If 
we  find  pebbles  of  granite  in  a  conglomerate  of  the  Lower  Cambrian 
system,  we  may  then  fe«l  assured  that  the  paren^  granite  wm  formed 
before  the  Lower  Cambrian  formation.  But  if  tbe  incumbent  strata  bo 
merely  Silurian  or  Upper  Cambrian,  the  fundamental  granite,  althongh 
of  high  antiquity,  may  be  posterior  in  date  to  knoKv.  fossiliferous  fornia- 

Fi'olrusion  of  solid  gramle. — In  part  of  Sutberlandshire,  neat  Urora, 
common  granite,  composed  of  felspar,  quartz,  and  mica,  is  in  immediate 
contact  with  Oolitic  strata,  and  has  clearly  been  elevated  to  the  surface 
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at  a,  period  sabsequent  to  the  deposition  of  those  strata*  Pi'ofessor 
Sedgwick  and  Sir  K.  Murchison  conceive  that  this  granite  has  been  up- 
heaved in  a  solid  form;  and  that  in  breaking  through  the  submarine 
deposits,  with  which  it  was  not  perhaps  originally  in  contact,  it  has  frac- 
tured them  so  as  to  form,  a  breccia  along  the  line  of  junction.  This 
breccia  consists  of  fragments  of  shale,  sandstone,  and  limestone,  with 
fossils  of  tlie  oolite,  all  united  together  by  a  caJcareous  cement.  The 
secondary  strata,  at  some  distance  from  the  granite,  are  but  slightly  dis- 
1,  but  in  proportion  to  their  prosimity  the  amount  of  dislocation 


If  we  admit  that  solid  hypogene  rocks,  whether  stratified  or  unstrati- 
fied,  have  in  such  cases  been  driven  upwards  so  as  to  pierce  through 
yielding  sedimentary  deposits,  we  shall  be  enabled  to  account  for  many 
geological  appearances  otherwise  inexplicable.  Thus,  for  example,  at 
Weinbohla  and  Hohnstein,  near  Meissen,  in  Saxony,  a  mass  of  granite 
has  been  observed  covering  strata  of  the  Cretaceous  and  Oolitic  periods 
for  the  space  of  between  300  and  400  yards  square.  It  appears  clearly 
from  a  recent  Memoir  of  Dr.  B.  Gotta  on  this  subject,!  that  the  granite 
was  thrust  into  its  actual  position  when  solid.  There  are  no  intersect- 
ing veins  at  the  junction — no  aitcration  as  if  by  heat,  but  evident  signs 
of  rubbing,  and  a  breccia  in  some  places,  in  which  pieces  of  granite  are 
mingled  with  broken  fragments  of  the  sedimentary  rocks.  As  the  gra- 
nite overhangs  both  the  lias  and  chalk,  so  the  lias  is  in  some  places  bent 
over  strata  of  the  cretaceous  era. 

Relative  age  of  the  granites  o/Arran. — In  this  island,  the  largest  in 
the  Firtb  of  Clyde,  bemg  twenty  miles  m  length  fiom  north  to  south, 
the  four  great  classes  of  rooks,  the  fossilifeious,  volt^nio,  plufonic,  and 
metamorphic,  are  all  con^jicuously  displayed  within  i  very  imall  area^ 
and  with  their  peculiar  tharaeteis  =trongly  condioted  In  the  north 
of  the  island  the  granite  uses  to  the  height  of  nearly  3000  feet  above 
the  sea,  terminatmg  in  mountainous  peaks  ("See  section  hg  506 ) 
On  the  flanks  of  the  same  mountains  aie  chlorific  schisls,  blue  rooflng- 
slatfl,  and  other  rocks  of  the  metamorphic  order  (No.  1),  into  which  the 
granite  (No.  2)  sends  veins  This  granite,  therefore,  is  newer  than  the 
hypogene  schists  (No.  1),  which  it  penetrates. 

These  schists  are  highly  inclined.  Upon  them  rest  beds  of  conglom- 
erate and  sandstone  (No.  8),  which  are  referable  to  the  Old  Ked  forma- 
tion, to  which  succeed  various  shales  and  limesfcnes  (No.  4)  containing 
the  fossils  of  the  Carboniferous  period,  upon  which  are  other  strata  of 
sandstone  and  conglomerate  (upper  part  of  No.  4),  in  which  no  fossils, 
have  been  met  with,  which  it  is  conjectured  may  belong  to  the  New  Ked 
sandstone  period.  AU  the  preceding  formations  are  cut  through  by  the 
volcanic  rocks  (No.  5),  which  consist  of  greenstone,  basalt,  pitchstone, 
clayalone-porphyry,  and  other  varieties.      These  appear  either  in  the 

•  Murchison,  Qacl.  Trans.,  2d  series,  vol,  ii.  p.  307. 
t  GeognoaHohe  Wanderungen,  Leipzig,  1838. 
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form  of  dikes,  or  in  dense  masses  from  50  to  700  feet  in  ttiotness, 
overlying  the  strata  (No.  4).  They  aometimea  p^3  into  syenite  of  so 
crystalline  a  form,  that  it  may  rank  aa  a  plutonic  formation ;  and  in  one 
region,  at  Ploverfield,  ia  Glen  Coy,  a  fine-grained  granite  (6  a)  is  aeen 
associated  with  tlie  trap  formation,  and  sending  veins  into  the  sandstone 
or  into  the  upper  strata  of  No.  4.  This  interesting  discovery  of  granite 
in  the  southern  region  of  Arran,  at  a  point  where  it  is  separated  from 
the  northern  mass  of  granite  hy  a  great  thickness  of  secondary  strata 
and  overlying  trap,  was  made  by  Mr.  L.  A.  Necker  of  Geneva,  during 
his  survey  of  Arran  in  18S9.  We  also  learn  from  the  recent  investi- 
gations of  Prof.  A.  C.  Ramsay,  that  a  similar  fine-gi-ained  granite  (No. 
6  b)  appears  in  the  interior  of  the  northern  granitic  district,  forming  the 
nucleus  of  it,  and  sending  veins  into  the  older  coarse-grained  granite 
(No.  2).  The  trap  dikes  which  penetrate  the  older  granite  are  out  off, 
according  to  Mr.  Ramsay,  at  the  junction  of  the  fine-grained. 

It  is  not  improbable  that  the  granite  (No.  6  J)  may  be  of  the  same 
age  as  that  of  Ploverfield  (No.  6  a),  and  this  again  may  belong  to  the 
same  geological  epoch  aa  the  trap  formations  (No.  5).  If  there  be  any 
differenco  of  date,  it  would  seem  that  the  fine-grained  granite  must  he 
newer  than  the  trappean  rooks.  But,  oa  the  other  hand,  the  coarser 
granite  (No.  2)  may  be  the  oldest  rock  in  Arran,  with  the  exception  of 
the  hypogene  slates  (No.  1),  into  which  it  sends  veins. 

An  objection  may  perhaps  at  first  be  started  to  this  conclusion,  de- 
rived from  the  curious  and  striking  fact,  the  impoTte,nce  of  which  wai 
first  emphatically  pointed  out  by  Dr.  MacOnlloch,  tliat  no  pebbles  of 
granite  occur  in  the  conglomerates  of  the  red  sandstone  in  Arran,  though 
these  conglomerates  are  several  hundred  feet  iu  thickness,  and  lie  at  the 
foot  of  lofty  granite  mountains,  which  tower  above  them.  Aa  a  general 
rule,  all  such  aggregates  of  pebbles  and  sand  are  mainly  composed  of 
the  wreck  of  pre-existing  rocks  occurring  in  the  immediate  vicinity. 
The  total  absence  therefore  of  granitic  pebbles  has  justly  been  a  theme 
of  wonder  to  those  geologists  who  have  successively  visited  Arran,  and 
they  have  earefuOy  searched  there,  as  I  have  done  myself,  to  find  an 
rsception,  but  in  vain.  The  roimded  masses  consist  exclusively  of 
quartz,  chlorite-sehist,  and  other  members  of  the  metaraorphic  series; 
nor  in  the  newer  conglomerates  of  No.  4  have  any  granitic  fragments 
been  discovered.  Are  we  then  entitled  to  afiirm  that  the  coarse-grained 
granite  (No.  2),  like  the  fine-grained  variety  (No.  6  a),  is  more  modern 
than  all  the  other  rocks  of  the  island?  This  we  cannot  assume  ai 
present,  but  wo  may  confidently  infer  that  when  the  various  beds  of 
sandstone  and  conglomerate  were  formed,  no  granite  bad  reached  the 
surface,  or  had  been  exposed  to  denudation  in  Arran.  It  is  clear  that 
the  crystalline  schists  were  ground  into  sand  and  shingle  when  the  strata 
No.  3  were  deposited,  and  at  that  time  the  waves  had  never  acted  upon 
the  granite,  which  now  sends  its  veins  into  the  schist.  May  we  then 
conclude,  that  the  schists  sufiered  denudation  before  they  were  invaded 
by  granite  ?     This  opinion,  although  not  inadmissible,  is  by  no  means 
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tullj  Icrne  out  ly  the  eTidciiro  Fm  it  tlie  time  when  the  Old  Ecd 
sandat^BP  orjgmattd,  the  metamoiphic  stiata  may  iiave  formed  islands 
m  the  sei,  ai  in  fig  'lOT,  over  which  the  ^^eJke^s  rolled,  or  from  which 


torrents  and  rueri  de'.canded,  carrying  down  gravel  aad  sand.  The 
plutonic  lOck  01  giinite  (b)  mij  liqh  then  have  heen  preyiously  in- 
jected at  a  ccitain  dipth  bcluw,  and  yet  may  never  have  been  exposed 
to  denudation 

\.a  to  the  tune  ind  manner  of  the  subsequent  profi'usioii  of  the  eoarse- 
grained  gtanito  (No  2),  this  rn&k  may  have  heen  thrust  up  bodily,  in  a 
solid  form,  during  that  long  aeries  of  igneous  operationa  which  produced 
the  trappean  and  plutonic  formations  (Nos.  5,  6  a,  and  6  6). 

We  have  shown  that  these  eruptions,  whatever  their  date,  were  poste- 
rior to  the  deposition  of  all  the  fossiliferoua  atrata  of  Aitou.  We  can 
alao  prove  that  subaequently  both  the  trappean  and  granitic  rooks  under- 
went great  aqueous  denudation,  which  they  probably  suffered  during 
their  emergence  from  the  sea.  The  fact  is  demonstrated  by  the  abrupt 
truncation  of  numerous  dikes,  such  as  those  at  c,  d,  e,  which  are  cut  off 
on  the  surlace  of  the  granite  and  trap.  The  overlying  trap  alao  ceases 
very  abruptly  on  appi-oaohing  the  boundary  of  the  great  hypogene  region, 
region,  and  terminates  in  a  steep  escarpment  feeing  towards  it  as  at/, 
Sg.  506.  When  in  ita  original  state  it  could  not  have  come  thus  sud- 
denly to  an  end,  but  must  have  filled  up  tlie  hollow  now  separating  it 
from  the  hyjwgene  rocka,  had  such  a  hollow  then  exiated.  This  neees- 
8%  of  supposing  that  both  the  trap  and  the  conglomerate  once  extended 
farther,  and  that  veins  such  as  c,  d,  fig.  506,  were  once  prolonged  farther 
upwards,  prepares  us  to  believe  that  the  whole  of  the  northern  gi-anite 
may  at  one  time  have  been  covered  by  newer  forraationa,  under  the 
pressure  of  which,  before  its  protmaion,  it  assumed  ita  highly  crystalline 
texture. 

The  theory  of  the  protrusion  in  a  solid  form  of  the  northern  nucleus 
of  granite  is  confirmed  by  the  manner  in  which  the  hypogene  slates 
(No.  1),  and  the  beds  of  conglomerate  (No.  3),  dip  away  from  it  on  all 
sides.  In  some  places  indeed  the  slates  are  inclined  towards  the  gi-anite, 
but  this  exception  might  have  been  looked  for,  because  these  hypogene 
strata  have  undergone  disturbances  at  more  than  one  geologicaj  epoch, 
and  may  at  some  points,  perhaps,  have  their  original  order  of  position 
inverted.  The  high  incliuation,  therefore,  and  the  quSquaversal  dip  of 
the  beds  around  the  borders  of  the  granitic  boss,  and  the  comparative 
horizonta.lity  of  the  fossiliferous  strata  in  the  aouthem  part  of  the  island, 
are  facts  which  all  accord  with  the  hypothesis  of  a  great  amount  of 
movement  at  that  point  where  the  granite  is  supposed  to  have  been 
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thrust  up  bodily,  and  where  wo  may  conceive  it  to  have  been  distended 
laterally  by  the  repeated  iDJection  of  fresh  supplies  of  molted  materials.*' 


CHAPTKR  XXXV. 

METAMORPHIC   ROCKS. 

General  cliaraetei-  of  metamorpliie  rooks  —  Gneiss— Homblonde-schiet — Mioa- 
cbist — Ciay-slate  —  Quarts!  te  —  Chlorite-schist. —  Metamorphio  limestone  — 
Alphftbotioal  list  and  esplanation  of  other  rooks  of  this  familj — Origin  of  tlie 
metamorpMe  atrata — Their  strataHoation  ie  real  and  distinct  from  cleaTage  — 
Joints  and  slaty  cleavage  —  Supposed  caases  of  theae  stnietures^Howfar 
connected  tvith  crystalline  aetion. 

Wb  have  now  considered  threo  distiuct  classes  of  rocks :  first,  the 
aqueous,  or  foasiliferons ;  secondly,  the  Tolcanic;  aJid,  thirdly,  the 
plutonio,  or  gi-anite;  and  we  have  now,  lastly,  to  esaniine  those  crystal- 
line (or  hypogene)  strata  to  which  the  name  of  melamorpJiic  has  been 
assigaed.  The  lasUraentioned  l«rm  expresses,  as  before  explained,  a 
theoretical  opinion  that  such  strata,  after  having  been  deposited  from 
water,  acquired,  by  the  influence  of  heat  and  other  causes,  a  highly 
crystalline  texture.  They  who  still  question  this  opinion  may  call  the 
i-ooka  under  consideration  tlie  stratified  hypogene,  or  schistose  hypogene 
formations. 

These  rocks,  when  in  their  most  characteristic  or  normal  state,  are 
wholly  devoid  of  organic  remruna,  and  contain  no  distinct  fragments  of 
other  rooks,  whether  rounded  or  angular.  They  sometimes  break  out 
in  the  central  parts  of  narrow  mountain  chains,  hut  in  other  cases  extend 
over  areas  of  vast  dimensions,  occupying,  for  example,  nearly  the  whole 
of  Norway  and  Sweden,  where,  as  ia  Brazil,  they  appear  alike  in  the 
lower  and  higher  grounds.  In  Great  Briton,  those  members  of  the 
series  which  approach  most  nearly  to  granitfi  in  their  composition  as 
gneiss,  mica-schist,  and  hornblende-schist,  are  confined         h  n 

north  of  the  rivers  Forth  and  Clyde. 

Many  attempts  have  been  made  to  trace  a  general  f    u  n 

or  superpoMtion  in  the  members  of  this  family;  gn     s  samp 

having  been  often  supposed  to  hold  invariably  a  lower  g       g     1  p         n 
than  mica-schist.     But  although  such  an  order  may  j  e  ai     h    ugh 
limited  disti-icts,  it  is  by  no  means  universal,  nor  even  g  n  -al    h    ugh 
out  the  globe.     To  this  subject,  however,  I  shall  aga  n  m  h 

■*  For  the  geologyof  Arran  eoBsult  the  works  of  Drs.  Ho  ndR      Co      h 

the  Memoirs  of  Messrs.  Von  Doclien  and  Oeynliansea,  tha        P  & 

wick  and  Sir  R.  Murohison  (Qeol.  Trans.,  2d  series),  Mr  L        N    k  1 

moir,  read  to  the  Eoyal  Soo.  of  Edin.  20lh  April,  1840,  and  M    R  m 
of  Arran,  1840.     I  examined  myself  a  large  part  of  Arran  m  1H36. 
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last  chapter  of  this  volume,  when  the  chronological  relations  of  the  mcta- 
morphic  rocks  are  pointed  out. 

The  following  may  be  enumera,ted  as  the  principal  membera  of  the 
metamorphic  class; — gneiss,  miea-gohist,  hornblende-sthist,  clay-slate, 
chlorite- schist,  hypogene  or  metamorphic  limestone,  and  certain  kinds 
of  quartz-rock  or  quartaite. 

Gneiss.  —  The  first  of  these,  gneiss,  may  be  called  stratified  granite, 
being  formed  of  the  same  materials  as  granite,  namely,  febspar,  quartz, 
and  mica.  In  the  specimen  here  figured,  the  white  layers  consist  almost 
exclusively  of  granular  felspar,  with  here  and  there  a  speck  of  mica  and 
grain  of  quajtz.   The  dark  layers  are  composed  of  grey  quartz  and  black 


plane. 


mica,  with  occasionally  a  grain  of  felspar  intermixed.  The  rock  splits 
most  easily  in  the  plane  of  these  darker  layers,  and  the  surface  thus  ex- 
posed is  almost  entirely  covered  with  shining  spangles  of  mica.  The 
accompanying  quarts,  however,  greatly  predominates  in  quantity,  but 
the  most  ready  cleavage  is  determined  by  the  abundance  of  mica  in  cer- 
tain parts  of  the  dark  layer. 

Instead  of  these  thin  laminse,  gneiss  is  sometimes  simply  diyided  into 
thick  beds,  in  which  the  mica  has  only  a  slight  degree  of  parallelism  to 
the  planes  of  stratifieatdon. 

The  term  "  gneiss,"  however,  in  geology  is  comjnonly  used  in  a  wider 
sense,  to  designate  a  formation  in  which  the  above-mentioned  rock  pre- 
vails, but  with  which  any  other  of  the  metamorphic  rooks,  and  more 
especially  hornblende-schist,  may  alternate.  These  other  members  of 
the  metamorphic  series,  are,  in  this  case,  considered  as  subordinate  to 
the  true  gneiss. 

The  different  varieties  of  rock  allied  to  gneiss,  into  which  felspar 
enters  as  an  essential  ingredient,  will  be  understood  as  referring  to  what 
was  said  of  granite.  Thus,  for  example,  hornblende  may  be  superadded 
to  mica,  quartz,  and  felspar,  forming  a  syenitic  gneiss ;  or  talc  may  be 
substituted  fop  mica,  constituting  talcoae  gneiss,  a  roek  composed  of  fel- 
spar, quartz,  and  talc,  in  distinct  crystals  or  grains  (stratified  protogine 
of  the  French). 

HomJilende-schist  is  i^ually  blaek,  and  composed  principaOy  of  horn- 
blende, with  a  variable  quantity  of  felspar,  and  sometimes  grains  of 
quarta.   When  the  hornblende  and  felspar  are  nearly  ir 
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and  the  rock  is  not  slaty,  it  con-esponiJs  in  character  with  the  greenstones 
of  the  trap  family,  and  has  been  called  "  primitive  greenstone."  It  may 
be  termed  hornblende  rook.  Some  of  these  homblendie  masses  may 
reaDy  have  been  volcanic  rocks,  which  have  since  assumed  a  more  cvys- 
talline  or  metamorphic  faKture. 

Micorschisl,  or  Micaceous  schist,  is,  next  to  gneiss,  one  of  the  most 
abundant  rocks  of  the  metamorphic  series.  It  is  slaty,  essentially  com- 
posed of  mica  and  quarta,  the  mica  sometimes  appearing  to  constitute 
the  whole  mass.  Beds  of  puie  quarta  also  occur  in  this  fonaalion.  In 
some  districts  garnets  in  regular  twelve-sided  crystals  form  an  integrant 
part  of  mica-schist.    This  rock  passes  by  insensible  gradations  into  clay- 

Cluy-slate,  or  Argillaceous  schist. — This  rock  resembles  aa  indurated 
clay  or  shale,  is  for  the  most  part  extremely  fissile,  often  affording  good 
roofing  slate.  It  may  consist  of  the  ingredients  of  gneiss,  or  of  an 
estremely  fine  misture  of  mica  and  quartz,  or  talc  and  quarta.  Occa- 
sionally it  derives  a  shining  and  silky  lustre  from  the  minute  particles 
of  mica  or  talc  which  it  contains.  It  vaiies  from  greenish  or  bluish- 
grey  to  a  lead  colour.  It  may  be  sfud  of  this,  more  than  of  any  other 
sehUt,  that  it  is  common  to  the  metamorphic  and  fossiliferous  series,  for 
some  clay-slatea  taken  from  each  division  would  not  be  diatingnishable 
by  mineralogical  characters. 

Quarljdte,  or  Quartz  rock,  is  an  aggregate  of  grwns  of  quarta,  which 
are  either  in  minute  crystals,  or  in  many  eases  slightly  roimded,  occur- 
ring in  regulax  strata,  associated  with  gneiss  or  other  metamorphic  rocks. 
Compact  quarta,  like  that  so  frequently  found  in  veins,  is  also  found 
together  with  granular  quartzite.  Both  of  these  alternate  with  gneiss 
or  mica-schist,  or  pass  into  those  rocks  by  the  addition  of  mica,  or  of 
felspar  and  mica. 

Chlorite-scJiist  is  a  gi-een  slaty  rock,  in  which  chlorite  is  abundant  in 
foliated  plates,  usually  blended  with  minute  grains  of  quartz,  or  some- 
times with  felspar  or  mica.  Often  associated  with,  and  graduating  into, 
gneiss  and  clay-state. 

Sypogene,  or  Metamorphic  limestone.  —  This  rock,  commonly  called 
primari/  limestone,  is  sometimes  a  thick-bedded  white  crystalline  granu- 
lar marble  used  in  sculpture ;  but  more  frequently  it  occurs  in  thin  beds, 
fomung  a  foliated  schist  much  resembling  in  colour  and  appearance  cer- 
tain varieties  of  gneiss  and  mica-schist.  It  alternates  wilJi  both  these 
rocks,  and  in  like  manner  with  argiDaceous  schist.  It  then  usually 
contains  some  crystals  of  mica,  and  occadonally  quartz,  felspar,  horn- 
blende, and  talc.  This  member  of  the  metamorphic  series  enters  spa- 
ringly into  theistmeture  of  the  hypogene  districts  of  Norway,  Sweden, 
and  Scotland,  but  is  largely  developed  in  the  Alps. 

Before  offering  any  farther  obsei-vations  on  the  probable  origin  of  the 
metamorphic  rocks,  I  subjoin,  in  the  form  of  a  glossary,  a  brief  expls- 
litLtion  of  some  of  the  principal  varieties  and  their  synonymes. 
30 
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ACTiNOLiTB-scHisT.  A  slaty  foliated  rock,  eomposea  chiafly  of  aotinolite,  (an 
emerald-green  mineral,  allied  la  Jiornljlende,)  with  some  admixture  of 

Ajipeiite.     Aluminous  slate  (Brongniart) ;  oooars  botli  in  the  nietamorphic  and 

fossil iforoua  series. 
Amehiboiite.     Hornblende  rook,  which  see. 

AKOILLiVCEOCS- SCHIST,   Of  CliT-SLATK.       See  p.   465. 

Akkosb.     Term  used  hj  Brongniart  for  granular  Quartzita,  irhieh  see. 

Chi ASTOLiTK- SLATE  Eoaroelj  differa  from  clay-slate,  but  includes  numerous  crys- 
tals of  Ciiiastolit* ;  in  oonsiderahle  thiolinesa  in  Cumberland.  Chiasto- 
lite  occurs  in  long  slender  rhomboidal  crystals.  For  composition,  sea 
Table,  p.  S77. 

Chlobitk- SCHIST.  Agi'cen  slaty  rock,  in  which  chlorite,  a  gi-een  scaly  mineral, 
is  abundant.     See  p.  465. 

Clay-slate,  or  ABOiiLACEotis-scmaT.     See  p.  465. 

BtfElTB  nad  Edbitio  Poepbtky.  A  baaa  of  compact  felspar,  with  grains  of  la- 
minar felspar,  and  often  mica  and  other  minerals  disseminated  (Brong- 
niart). M.  D'AubnisBOQ  regards  eurite  as  an  estremely  fine-grained 
granite,  in  which  felspar  predominates,  the  whole  forming  an  apparently 
homogeneous  rock.  Eurite  haa  been  already  mentioned  as  a  plutonie 
rock,  but  occurs  also  in  beda  aubovdinate  to  gnaiss  or  mica-slate. 

Gneiss.    A  sti'atified  or  laminatod  rooli,  same  Bompositlon  aa  granite.   See  p.  464. 

HoRBBLBHiiB  RocK,  OF  AnpiHBOHTB.  Composcd  of  hornblende  and  felspar. 
The  same  composition  aa  hornblende -schist,  atratified,  but  not  fissile. 
See  p.  376. 

HoKNBLENDE-acHlKT,  Or  Slatb,  Composcd  ehiefiy  of  hornblende,  with  ocoar- 
sionally  aome  felspar.     See  p,  464. 

HOBNBLBNDic  Or  Stenitio-Gneibs.  Composed  of  felspar,  quarts,  and  honi- 
blende. 

HvroGENE  Limestone.     See  p.  405. 

Marble.     See  p.  465. 

Mica-schist,  or  MlCiCEOoa-aoHisT.  A  slaty  rocli,  composed  of  miea  and  quartz 
In  variable  proportiona.     See  p.  465, 

MiOA-BLATE.      See  MlCA-aOHIST,  p.  465. 

Ph                  D'A  h  ■  '   te  m  f      1    -slate,  from  ^^iJa?,  a  heap  of  leaves. 

PL  &•   H                L  MEaTONE,  p.  465. 

P  Se  T  p  464;  when  unstratified  it  is  Talcose- 
gr  m 

Q  Ro  E,        Q     ETz  A  fied  rock;   an  aggregate  of  grains  of 

q     rt  p     6 

Seb  b        s  h  L  the  hypogeno  series,  as  a  stratified  or 

fi  d       k  ID    h  magnesia ;  ia  ohiefiy  composed  of  the 

m  d  m      d  with  diallage,  talc,  and  steatite.    The 

p  ri  tiaa  d  noble  aerpenline,  conaist  of  a  hydrated 

ta       m  gn       ,  g  y       a  greenish  colour:  this  base  ia  cora- 

monly  mised  with  oside  of  iron. 
Talcosu-oheiss.     Same  composition  as  talc oae-gran its  or  protogine,  but  either 

StraUfied  or  laminated.     See  p.  464. 
Taloose- SCHIST  conaista  chiefiy  of  talc,  or  of  talc  and  quartz,  or  of  talc  and 

felspar,  and  baa  a  testure  something  like  that  of  clay-slate. 
Whitesione.     Same  as  Eurite, 
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Origin  of  the  Metamorphic  Strata. 

Having  said  thus  much  of  the  mineral  composition  of  the  metamor- 
phic rocks,  I  may  combine  what  remains  to  he  s^d  of  their  structiire 
and  history  with  an  account  of  the  opinions  entertained  of  their  proha- 
hJe  origin.  At  the  same  time,  it  may  be  well  to  forewarn  the  reader 
that  we  are  here  entering  upon  ground  of  controversy,  and  soon  reach 
tiie  limila  where  positive  induction  ends,  and  beyond  which  we  can  only 
indulge  io  speculations.  It  was  once  a  favourite  doctrine,  and  is  still 
maintained  by  many,  that  these  rooks  owe  their  crystalline  texture,  their 
want  of  all  signs  of  a  mechanical  origin,  or  of  fossil  contents,  to  a  pecu- 
liar and  nascent  condition  of  the  planet  at  the  period  of  theji  formation. 
The  arguments  iu  refutation  of  this  hypothesis  will  be  more  fully  con- 
sidered when  I  show,  in  the  last  chapter  of  this  volume,  to  how  many 
different  ages  the  metamorphic  forpations  are  referable,  and  how  gneiss, 
micarschist,  clay-slal«,  and  hypogene  limestone  (that  of  Carrara  for 
example),  have  been  formed,  not  only  since  the  first  introduction  of 
organic  beings  into  this  planet,  but  even  long  after  many  distinct  races 
of  plants  and  animals  had  passed  away  in  succession. 

The  doctrine  respecting  the  crystalline  strata,  implied  in  the  name 
metamorphic,  may  properly  be  treated  of  in  this  place ;  and  we  must 
first  inquire  whether  these  rocks  are  really  entitled  to  be  called  stratified 
in  the  strict  sense  of  having  been  originally  deposited  as  sediment  from 
water.  The  general  adoption  by  geologists  of  the  term  stratified,  aa 
applied  to  these  rooks,  sufficiently  attests  their  division  into  beds  very 
analagous,  at  least  in  form,  to  ordinary  fossiliferous  strata.  This  resem- 
blance is  by  no  means  confined  to  the  existence  in  both  of  an  occasional 
slaty  structure,  but  extends  to  every  kind  of  arrangement  which  is  com- 
patible with  the  absence  of  fossils,  and  of  sand,  pebbles,  ripple-mark, 
and  other  characters  which  the  metamorphic  theory  supposes  to  have' 
been  obliterated  by  plutonio  action.  Thus,  for  example,  we  behold  alike 
in  the  crystalline  and  fossiliferous  formations  an  alternation  of  beds 
varying  greatly  in  composition,  colour,  and  thickness.  We  observe,  for 
instance,  gneiss  alternating  with  layers  of  black  hornblende-schist,  or 
with  granular  quartz,  or  limestone;  and  the  interchange  of  these  diffe- 
rent strata  may  be  repeated  for  an  indefinite  number  of  times.  In  the 
like  manner,  mica-schist  alternates  with  chlorite-schist,  and  with  granu- 
lar limestone  in  thin  layers. 

As  in  fossiliferous  formations  strata  of  pure  ailiceoiB  sand  alternate 
with  micaceous  sand  and  with  layers  of  clay,  so  in  the  crystalline  or 
metamorphic  rocks  we  have  beds  of  pure  quartzite  alternating  with 
mica-schist  and  olaj-slatc.  Aa  in  the  secondary  and  tertiary  series  we 
meet  with  limestone  alternating  again  and  again  with  micaceous  or  ai'gil- 
laceous  sand,  so  we  find  in  the  hypogene,  gneiss  and  mica-schist  alternat- 
ing with  pure  and  impure  granular  limestones. 
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It  has  also  been  shown  that  the  ripple  mark  is  very  commoiily  repeated 
throughout  a  considerable  thickness  of  foasiliferoua  strata ;  so  in  mioa- 
acliist  and  gneiss,  there  is  sometimes  an  undulation  of  the  lamina)  on  a 
minute  scale,  which  may,  perhaps,  be  a  modification  of  similar  inequali- 
ties in  the  original  deposit. 

In  the  crystalline  formations  also,  as  in  many  of  the  sedimentary 
gle  strata  are  sometimes  made  up  of  laminae  placed 
h  laminse  not  being  regularly  parallel  to  the  planes  of 


This  disposition  of  the  layers  is  illustrated  in  the  accompanying  dia- 
gram, in  whioli  I  have  represented  carefully  the  stratification  of  a  coarse 
argillaceous  schist,  which  I  examined 
in  the  Pyrenees,  part  of  which  ap- 
proaches in  character  to  a  green  and 
blue  roofing  slate,  while  pai-t  is  ex- 
tremely quarfaose,  the  whole  mass 
passing  downwards  into  micaceous 
schist.  The  vertical  section  here 
'  eihibited  is  about  3  feet  in  height, 
and  the  layers  are  sometimes  so  thin 
that  fifty  may  bo  counted  in  the 
thickness  of  an  inch  Some  of  them 
oousist  of  pure  fjuartz. 

I  above  described  in  favour 
of  the  aqueous  origin  of  clay-slate  and  other  crystalline  strata  is  greatly 
strengthened  by  the  feet  that  many  of  these  metamorphic  i-ocks  oooa- 
sionidly  alternate  with,  and  sometimes  pass  by  intermediate  gradations 
into,  rocks  of  a  decidedly  mechanical  origin,  and  exhibiting  traces  of 
organic  remains.  The  fossiliferous  formations,  moreover,  into  which 
this  passage  is  effected,  are  by  no  means  invariably  of  the  same  age  nor 
of  the  highest  antiquity,  as  will  be  afterwards  explained. 

Stratification  of  the  metaworphic  rocks  distinct  frow,  cleavage.  — 
The  beds  into  whioii  gneiss,  mica-schist,  and  hypogene  limestone  divide, 
exhibit  most  commonly,  like  ordinary  strata,  a  want  of  perfect  geomet- 
rical parallelism.  For  this  reason,  therefore,  in  addition  to  the  alternate 
recun'ence  of  layers  of  distinct  materials,  the  stratified  arrangement  of 
the  crystalline  rooks  cannot  be  esplMned  away  by  supposing  it  to  be 
simply  a  divisional  straeture  lite  that  to  which  we  owe  some  of  the 
slates  used  for  writing  and  roofing.  Slati/  cleavage,  as  it  has  been 
called,  tas  in  many  cases  been  produced  by  the  regular  deposition  of 
thin  plates  of  fine  sediment  one  upon  another ;  but  there  are  many  in- 
stances where  it  is  decidedly  unconnected  with  such  a  mode  of  origin, 
and  where  it  is  not  even  confined  to  the  aqueous  formations.  Some 
kinds  of  trap,  for  example,  as  clinkstone,  split  into  laminje,  and  arc 
used  for  roofing. 

There  are,  says  Professor  Sedgwick,  three  distinct  forms  of  structure 
exhibited  in  certain  rocks  throughout  large  distiicts :  via. — First,  strati- 


The  inference  drawn  from  the  p 
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fioation;  secondly,  joints;  and  thirdly,  slaty  cleavage;  the  two  last 
having  no  couaectjon  with  true  bedding,  and  having  been  superinduced 
by  causes  absolutely  independent  of  gravitation.  All  these  different 
structures  must  have  different  names,  even  though  there  be  some  cases 
where  it  is  impossible,  after  carefully  studying  the  appearances,  to  decide 
upon  the  class  to  which  they  belong.* 

Joints. — Now,  in  regard  to  the  second  of  these  forms  of  structure  or 
joints,  they  are  natural  fissures  which  often  traverse  rocks  in  straight 
and  well-determined  liaes.     They  afford  to  the  quarryman,  as  Sir  B. 
Murohison  observes,  when  speaking  of  the  phenomena,  as  exhibited  in 
Shropshire  and  the  neighbouring  counties,  the  greatest  aid  in  the  extrac- 
tion of  blocks  of  stone ;  and,  if  a  sufficient  number  cross  each  other, 
the  whole  mass  of  rocks  is  split  into  symmetrica!  blooks.f   The  fiwe 
the  joints  are  for  the  most  part  smoother  and  more  regular  than  the 
faces  of  true  strata.     The  joints  are  straight-cnt  chinks,  often  slig 
open,  often  passing,  not  only  through  layers  of  successive  deposil 
but  also  through  balls  of  limestone  or  other  matter  which  have  been 
formed  by  oonoretionary  action,  since  the  original  accumulation  of  the 
strata.     Such  joints,  therefore,  must  often  have  resulted  from  one  of  the 
last  changes  superinduced  upon  sedimentary  deposits.J 

In  the  annexed  diagram  the  flat  surfaces  of  rock  A,  B,  0,  represent 
exposed  faces  of  joints,  to  which  the  walls  of  other  joints,  J  J,  are 
parallel.  S  S  are  the  lines  of  stiatificatioa ;  D  D  aro  lines  of  slaty  cleav- 
age, which  intersect  the  rock  at  a  considerable  angle  to  the  plaaes  of 
S^tification, 


Jomtfi  accorlngtoProteasorSedgw  k  are  d  st  ngu  si  able  from  hues 
oi  sKty  cleavige  m  this,  that  the  rock  mtervenmg  between  two  joints 
has  no  tendency  to  deave  in  a  direction  piraUel  to  the  planes  of  the 
jointh,  whtieis  a  rock  1*1  capable  of  mdefinite  subdivision  in  the  direc- 
tion of  its  slaty  cleavage  In  some  o^ses  where  the  strata  are  curved, 
the  pWe^  of  cleavage  arc  still  peitectly  parallel  This  has  been  ob. 
served  m  the  aldfe  TOikt,  of  put  of  "WJes  (see  fig  511),  which  consist 

»  Geol,  Trans.,  2d  series,  vol.  iii.  p.  480. 
,  f  The  Silurian  System  of  Rooks,  as  developed  in  Salop,  Hereford,  &c.,  p.  245. 
i  Ibid.,  p.  246. 
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irl  ^iceni  h  ilatc      Tte  true  belling  !■,  theio  inilicited  by  i 
r  ot  parallel  atiipen    some  of  i  lightei  sad   ^  me   ot  a    hrkn 


!  of  eleaTai^  luteraeot  ng  o  rrc  1  •buta.    {Seflifwick  ) 

Cflour  thaE  the  general  masi  Such  atiipea  are  found  to  bo  paiallel  to 
the  true  planea  of  "itratificati  n  wherever  tliese  oie  manifesteil  by  ripple 
maik  or  by  bed?  containing  peculiar  organii,  remains  Sime  of  the  con 
torted  strata  are  of  a  coarse  mechatiical  structure,  alternating  with  fine- 
grained cryatalline  ehloritio  slates,  in  which  case  the  same  slaty  cleavage 
extends  through  the  coarser  and  finer  beds,  though  it  is  brought  out  in 
greater  perfection  ia  proportion  as  the  materials  of  the  rock  are  fine  and 
homogeueous.  It  ia  only  when  these  are  very  coarse  that  the  cleavage 
plains  entirely  vanish.  These  planes  are  usaally  inclined  at  a  very  con- 
siderable angle  to  the  planes  of  the  strata.  In  the  Welsh  chains,  for 
example,  the  average  angle  is  aa  much  as  from  30°  to  40°.  Sometimes 
the  cleavage  planes  dip  towards  the  same  point  of  the  compass  as  those 
of  stratifleatjon,  but  more  frequently  to  opposite  points.  It  may  be 
stated  as  a  general  rule,  that  when  beds  of  coarser  materials  alternate 
with  those  composed  of  finer  particles,  the  slaty  cleavage  ia  either  en- 
tirely confined  to  the  fine-grained  rock,  or  is  very  imperfectly  exhibited 
in  tliat  of  coarser  testure.  This  rule  holds,  whether  the  cleavage  is 
parallel  to  the  planes  of  stratification  or  not. 

In  the  Swiss  and  Savoy  Alps,  as  Mr.  Bakewell  has  remaiked,  enor- 
mous masses  of  limestone  are  cut  through  so  regularly  by  nearly  vertical 
partings,  and  these  are  often  so  much  more  conspicuous  than  the  seams 
of  stratification,  that  an  inesperienced  observer  will  almost  inevitably 
confound  them,  and  suppose  the  strata  to  be  perpendicular  in  places  where 
in  feet  they  are  almost  horizontal.* 

Now  these  joints  are  supposed  to  be  analogous  to  those  partings  which 
have  been  abeady  observed  to  separate  voloamc  and  pktonic  rocks  into 
cuboidal  and  prismatic  masses.  On  a  small  scale  we  see  clay  and  starch 
when  dry  split  into  similar  shapes,  which  is  often  caused  by  simple  con- 
traction, whether  the  shrinking  be  due  t-o  the  evaporation  of  water,  or 
to  a  change  of  temperature.  It  is  well  known  that  many  sandstones  and 
other  rocfca  expand  by  the  application  of  moderate  degrees  of  heat,  and 
then  contract  again  on  cooling;  and  there  can  be  no  doubt  that  lai-ge 
portions  of  the  earth's  crust  have,  in  the  course  of  past  ages,  been  sub- 
jected again  and  again  to  very  different  degrees  of  heat  and  cold.  These 
alternations  of  temperature  have  probably  contributed  largely  to  the 
production  of  joints  in  rocks. 

In  some  countries,  aa  in  Saxony,  where  massea  of  basalt  rest  on  sand- 

■*  Introduction  to  Geology,  obap.  iv. 
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stone,  the  aqueoua  rook  haa  for  tKe  distance  of  several  feet  from  the 
point  of  junction  assumed  a  columnar  structure  similar  to  that  of  the 
trap.  In  like  manner  some  hearthstones,  after  espoaure  to  the  heat  of 
a  furnace  without  being  melted,  have  become  prismatic.  Certain  crys- 
tals also  acquire  by  the  application  of  heat  a  new  internal  arrangement, 
so  as  to  break  in  a  new  direction,  their  external  form  remaining  unal- 

Sir  K.  Jlnrchison  observes,  that  in  referring  botJi  joints  and  slaty 
cleavage  to  crystalline  action,  we  are  borne  out  by  a  well-known  analogy 
in  which  cryatalliaation  has  in  like  manner  given  rise  to  two  distinct 
kinds  of  structure  in  the  same  body.  Thus,  for  example,  in  a  six-sided 
prism  of  quartz,  the  planes  of  cleavage  are  distinct  from  those  of  the 
prism.  It  is  impossible  to  cleave  the  crystals  parallel  to  the  plane  of  the 
prism,  just  as  slaty  rocks  cannot  be  cleaved  parallel  to  the  jomts ,  but 
the  quarta  crystal,  like  the  older  schists,  may  be  cleaved  ad  nifinUum 
in  the  direction  of  the  cleavage  planes,* 

It  seems,  therefore,  that  the  fissures  called  joints  may  have  been  the 
result  of  different  causes,  as  of  some  modification  of  crystalline  action, 
or  simple  contraction  during  consolidation,  or  during  a  change  of  temper- 
ature. And  there  are  cases  where  joints  may  have  been  due  to  meohan- 
ical  violence,  and  the  strain  exerted  on  strata  during  their  upheaval,  or 
when  they  have  sunk  down  below  their  former  level.  Professoi  Philbps 
has  suggested  that  the  previous  existence  of  divisional  planes  may  often 
have  determined,  and  must  greatly  have  modified,  the  lines  and  points 
of  fracture  caused  in  rocks  by  those  forces  to  which  they  owe  their  ele- 
vation or  dislocations.  These  lines  and  points  being  those  of  least 
resistance,  cannot  fail  to  have  influenced  the  direction  in  which  the  solid 
mass  would  ^ve  way  on  the  application  of  externa]  force. 

Professor  Phillips  has  also  remarked  that  in  some  slaty  rocks  the  form 
of  the  outline  of  fossil  shells  and  trilobifes  has  been  much  changed  by 
distortion,  which  has  taken  place  in  a  longitudinal,  transverse,  or  oblique 
direction.  This  change,  he  adds,  seems  to  be  the  result  of  a  "  creeping 
movement"  of  the  particles  of  the  rock  along  the  planes  of  cleavage,  its 
direction  being  always  uniform  over  the  same  tract  of  country,  and  its 
amount  in  space  being  sometimes  measurable,  and  being  as  much  as  a 
quarter,  or  even  half  an  inch.  The  hard  sheila  are  not  affected,  but  only 
those  which  are  thin.-i"  Mr.  D.  Sharpe,  following  up  the  same  line  of 
inquiry,  eame  to  the  conclusion,  that  the  present  distorted  forma  of  the 
shells  in  certain  British  slate  rocks  may  be  accounted  for  by  supposing 
that  the  rocks  in  which  they  are  imbedded  have  undergone  compression 
in  a  direction  perpendicular  to  the  planes  of  cleavage,  and  a  correspond- 
ing expansion  in  the  direction  of  the  dip  of  the  cleavage.  J 

Mr.  Darwin  infers  from  his  observations,  that  in  South  America  the 

strike  of  the  cleavage  planes  is  very  uniform  over  wide  regions,  and  that 

it  corresponds  with  the  strike  of  the  planes  of  foliation  in  the  gneiss  and 

*  Silurian  System  of  Koeks,  &c.,  p.  246. 

f  Report,  Brit.  Asa.,  Cork,  1848,  p.  60. 

j  Quart,  Geol.  Joum,,  vol.  iii.  p.  87,  1847. 
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niioa-scliists  of  the  same  parts  of  Chili,  Tierm  del  Fuego,  &c.  The  espla- 
nation  which  he  suggests,  is  hased  upon  a  combination  of  mechanical  aad 
crystalline  forces.  The  planea,  he  sajs,  of  cleavage,  and  even  the  foliation 
of  mioa-schiat  and  gneiss,  may  be  intimately  connected  with  the  planes  of 
different  tension  to  which  the  ai'ea  was  long  subjected,  after  the  main  fis- 
sures or  asia  of  upheavement  had  been  formed,  but  iefore  the  final  con- 
solidation of  the  mass  and  the  total  cessation  of  all  molecular  movement.* 

I  have  already  stated  that  some  extremely  fine  slates  are  perfectly 
parallel  to  the  planes  of  stratiiicatiou,  as  those  of  the  Niesen,  for  exam- 
ple, near  the  Lake  of  Thun,  in  Switaerland,  which  contain  fucoids,  and 
are  no  doubt  due  to  successive  aqueous  deposition.  Even  where  the 
slates  ai-e  oblique  to  the  general  planes  of  the  strata,  it  by  no  means 
follows  as  a  matter  of  course  that  they  have  been  caused  by  crystalline 
action,  for  they  may  be  the  result  of  that  diagonal  lamination  which  I 
have  before  described  (p.  17).  In  this  case,  however,  there  is  usually 
much  irregularity,  whereas  cleavage  planes  oblique  to  the  fme  stratifica- 
tion, which  are  referred  to  a  ci'ystalline  action,  are  often  perfectly  sym- 
metrical, and  observe  a  strict  geometrical  parallelism,  even  when  the 
strata  are  contorted,  as  already  described  (p.  470). 

Professor  Sedgwick,  speaking  of  the  planes  of  slaty  cleavage,  where 
they  are  decidedly  distinct  from  those  of  sedimentary  deposition,  declares 
his  opinion  that  no  retreat  of  parts,  no  contraction  in  the  dimensions  of 
rocks  in  passing  to  a  solid  state,  can  account  for  the  phenomenon.  It 
must  be  referred  to  crystaUine  or  polar  forces  acting  simultaneously,  and 
somewhat  uniformly,  in  given  directions,  on  large  masses  having  a  homo- 
geneous composition. 

Sir  John  Herschel,  in  allusion  to  slaty  cleavage,  has  suggested, ' '  that 
if  rocks  have  been  so  heated  as  to  allow  a  commencement  of  crystalliza- 
tion; that  is  to  say,  if  they  have  been  heated  to  a  point  at  which  the 
particles  can  begin  to  move  among  themselves,  or  at  least  on  their  own 
axes,  some  general  law  must  tten  determine  the  position  in  which  these 
particles  will  rest  on  cooling.  Probably  that  i>osition  will  have  some 
relation  to  the  direction  in  which  the  heat  escapes.  Now,  when  all,  or 
a  majority  of  particles  of  the  same  nature.  Lave  a  general  tendency  to 
one  position,  that  must  of  course  determine  a  cleavage  plane.  Thus  we 
see  the  infinitesimal  crystals  of  fresh  precipitated  sulphate  of  barytes, 
and  some  other  such  bodies,  arrange  themselves  alike  in  the  fluid  in 
wliicb  they  Boat;  so  as,  when  stirred,  all  to  glance  with  one  light,  and 
give  the  appearance  of  silky  filaments.  Some  sorts  of  soap,  in  which 
insoluble  margarati-sf  exist,  eshibit  the  same  phenoraeaon  when  mixed 
with  water;  and  what  occurs  in  our  experiments  on  a  minute  scale  may 
occur  in  nature  on  a  great  one."]; 

*  Geol,  Oba.  on  S,  America,  1846,  p.  168. 

■j-  Margario  acid  is  an  oleaginous  aoid,  formed  from  different  animal  and  ve- 
getable fatty  snbsfanoea.  A  margarate  is  a  compound  of  this  acid  with  soda, 
potash,  or  some  other  base,  and  is  so  named  fl'om  ils  pearly  Inatra. 

X  Letter  to  the  author,  dated  Cnpe  of  Good  Hope,  Feb.  20,  1886. 
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BIETAMORPHIC  ROCKS  —  continued. 

Strati  near  some  intrusive  masses  of  grauite  eonvectod  into  rooks  identloal  with 
different  members  of  the  metamorphio  aeries— Argnmenta  hence  derived  as  to 
the  nature  of  plutonjc  action — Time  toay  enable  this  action  to  pervade  denser 
masaea — From  what  Mnda  of  aeiiimentary  rook  each  varietj  of  the  metamor- 
phie  class  may  1)6  derived — Certain  objectioas  to  !he  metamorphio  theory 
considered — Lamination  of  traohjie  and  obsidian  due  to  motion -— Whether 
some  kinds  of  gneiss  have  become  HobistoBe  by  a  similar  aotdon. 

It  has  been  seen  that  geolo^te  have  been  yeiy  geaerallj  led  to  infer, 
from  the  phenomena  of  joints  and  slaty  cleavage,  that  mountain  masses, 
ofwhich  the  sedimentary  origin  ia  unquestionable,  have  been  act«d  upon 
simultaneously  by  vast  crystalline  forces.  That  the  structure  of 
foBsiliferous  strata  has  often  been  modified  by  some  general  cause  since 
their  original  deposition,  and  even  subsequently  to  their  consolidation 
and  dislocation,  is  undeniable.  These  facts  prepare  us  to  believe  that 
still  greater  changes  may  have  been  worked  out  by  a  greater  intensity, 
or  more  prolonged  deveipment  of  the  same  agency,  combined,  perhaps, 
with  other  causes.  Now  we  have  seen  that,  near  the  immediate  contact 
of  granitic  veins  and  volcanic  dikes,  very  cstraordiDary  alterations  in 
rocks  have  taien  place,  more  especially  in  the  neighbourhood  of  granite. 
It  will  be  useful  here  to  add  other  illustrations,  showing  that  a  lesture 
uadistinguishable  from  that  which  characterizes  the  more  crystalline 
metamorphio  formations,  has  actually  been  superinduced  in  strata  once 


la  the  southern  extremity  of  Norway  there  is  a  large  district,  < 
west  side  of  the  fiord  of  Christiania,  ia  which  granite  or  syenite  ] 
in  mountain  masses  through  fossiliferous  strata,  and  usually  sends  veins 
into  them  at  the  point  of  contact.  The  stratified  rocka,  replete  with 
shells  and  zoophytes,  consist  chiefly  of  shale,  limestone,  and  some  sand- 
stone, and  al!  these  are  invariably  altered  near  the  granite  for  a  distance 
of  from  50  to  400  yards.  The  aluminous  shales  are  hardened  and  have 
become  flinty.  Sometimes  they  resemble  jasper.  Ribboned  jasper  is 
produced  by  the  hardening  of  alternate  layers  of  green  and  chocolate- 
coloured  schist,  each  stripe  faithfully  representing  the  original  lin^  of 
stratification.  Nearer  the  granite  the  schist  often  contains  crystals  of 
hornblende,  which  are  even  met  with  in  some  plaees  for  a  distance  of 
several  hundred  yards  from  the  junction  ;  and  ti.is  black  homblende  is 
so  abundant  that  eminent  geologists,  when  passing  through  the  country, 
have  confounded  it  with  the  ancient  hornblende-schist,  subordinate  to 
the  great  gneiss  formation  of  Norway.  Frequently,  between  the  granite 
and  the  hornblende  slate,  above  mentioned,  grains  of  mica  and  crystal- 
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gneiss  and 


line  felspar  appear  in  the  schist,  so  that  rocks 

mica-schist  are  produced.    Fossils  can  ravely  he  detected  iL , 

and  they  are  more  eompletely  effaced  in  proportion  to  the  more  crystal- 
line testure  of  the  beds,  and  their  -vicinity  to  the  granite.  In  some 
places  the  siliceous  matter  of  the  schist  becomes  a  granular  qTiartz ;  and 
when  hornblende  and  mica  are  added,  the  altered  rock  loses  its  stratifl- 
cation,  and  passes  into  a  granite.  The  limestone,  which  at  points  remote 
from  the  granite  is  of  an  earthy  testure,  blue  colour,  and  often  abounds 
in  corals,  becomes  a  white  granular  marble  near  the  grani(«,  sometimes 
siliceous,  the  granular  structure  extending  occasionally  npwards  of  400 
yards  from  the  junction;  and  the  corals  being  for  the  most  part  oblit- 
erated, though  sometimes  presei-yed,  even  in  the  while  marble.     Both 


the  jjtered  limestone  and  hardened  slate  contiun  garnets  in  many  places, 
also  ores  of  iron,  lead,  and  copper,  with  some  silver.  These  alterations 
occur  equally,  whether  the  granite  invades  the  strat-a  in  a  line  parallel 
to  the  general  strike  of  the  fossiliferous  beds,  or  in  a  line  at  right  aneles 
to  their  strike,  as  will  be  seen  by  the  accompanying  ground  plan.* 

The  indurated  and  ribboned  schists  above  mentioned  bear  a  strong 
resemblance  to  certain  shales  of  the  coal  found  at  Eussell's  Hall,  near 
Dudley,  where  coal-mines  have  been  on  fire  for  ages.  Beds  of  shale  of 
considerable  thickness,  lying  over  the  burning  coal,  have  been  baked  and 
hardened  so  as  to  acquire  a  flinty  fracture,  the  layers  being  alternately 
green  and  brick-coloured. 

The  granite  of  Cornwall,  in  like  manner,  sends  forth  veins  into  a 
coarse  argillaceous-schist,  provincially  termed  killas.  This  Itiljaa  is  con- 
verted into  hornblende-schist  near  the  contact  with  the  veins.  These 
appearances  are  well  seen  at  the  junction  of  the  granite  and  killas,  in 
St.  Michael's  Mount,  a  small  island  nearly  300  feet  high,  situated  in 
the  bay,  at  the  distance  of  about  three  miles  from  Penzance. 

The  granite  of  Dartmoor,  in  Devonshire,  says  Sir  11.  De  la  Beehe, 

*  Keilhau,  Gtea  Norve^ca,  pp.  61 — 63. 
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kaa  intruded  itself  into  the  slate  and  slaty  sandstone  called  graywacke, 
twisting  and  contorting  the  strata,  and  sending  veins  into  them.  Hence 
some  of  the  slate  rocks  loave  heoome  "micaceous;  others  more  indu- 
rated, and  with  the  oharacters  of  mica-alate  and  gneiss;  while  others 
agaiu  appear  converted  into'  a  hard-zoned  rock  strongly  impregnated  with 
felspar,"  * 

"We  learn  from  the  investigations  of  M.  Dufr^noy,  that  in  the  eastern 
Pyrenees  there  are  niount^n  masses  of  granite  posterior  in  date  to  the 
formations  called  lias  and  chalk  of  that  district,  and  that  these  fossiliferous 
i-oeks  are  greatly  altered  in  texture,  and  often  charged  with  iron  ore,  in 
the  neighbourhood  of  the  granite.  Thus,  in  the  environs  of  St.  Martin, 
near  St.  Paul  de  E^nouilletj  the  chalky  limestone  becomes  more  crystal- 
line  and  sacoharoid  as  it  approaches  the  granite,  and  loses  all  trace  of 
the  fossils  which  it  previously  contained  in  abundance.  At  some  points, 
also,  it  becomes  dolomitio,  and  filled  with  small  veins  of  carhonat*  of 
iron,  and  spots  of  red  iron-ore.  At  EanciS  the  lias  nearest  the  granite 
is  not  only  filled  with  iron-ore,  hut  charged  with  pyrites,  tremolite, 
garnet,  and  a  new  mineral  somewhat  allied  to  felspar,  called,  from  the 
place  in  the  Pyrenees  where  it  occurs,  "  conzeranite." 

Now  the  alterations  above  described  as  superinduced  in  rocks  by  vol- 
canic dikes  and  granite  veins,  prove  incontestably  that  powers  exist  in 
nature  capable  of  transforming  fossiliferous  into  crystalline  strata — 
powers  capable  of  generating  in  them  a  new  mineral  character,  similar, 
nay,  often  absolutely  identical,  witli  that  of  gneiss,  micarsehist,  and 
other  stratified  members  of  the  hypogene  series.  The  precise  nature 
of  these  altering  causes,  which  may  provisionally  be  termed  plutonic,  is 
in  a  great  degree  obscure  and  doubtful ;  but  their  reality  is  no  less  clear, 
and  we  must  suppose  the  iniuence  of  heat  to  be  in  some  way  connected 
with  the  transmutation,  if,  for  reasons  before  explained,  we  concede  the 
igneous  origin  of  granite. 

The  experiments  of  Gregory  Watt,  in  fusing  rocks  in  the  laboratory, 
and  allowing  them  to  consolidate  by  slow  cooling,  prove  distinctly  that 
a  rock  need  not  be  perfectly  melted  in  order  that  a  re-arrangement  of  its 
component  particles  should  take  place,  and  a  partial  crystallization 
ensue.f  We  may  easily  suppose,  therefore,  that  all  traces  of  shells  and 
other  organic  remains  may  be  destroyed;  and  that  licw  chemical  combi- 
nations may  arise,  without  the  mass  being  so  fused  as  that  the  lines  of 
stratification  should  be  wholly  obliterated. 

We  must  not,  however,  imagine  that  heat  alone,  such  as  may  be 
applied  to  a  stone  in  the  open  air,  can  constitute  all  that  is  comprised  in 
plutonic  action.  We  know  that  volcanoa  in  eruption  not  only  emit  fluid 
lava,  but  ^ve  off  steam  and  other  heated  gases,  which  rush  out  in  enor- 
mous volume,  for  days,  weeks,  or  years  oontdnnously,  and  are  even  dis- 
engaged from  lava  during  its  consolidation.  When  the  materials  of 
granite,  therefore,  came  in  contact  with  the  fossiliferous  stratum  in  the 

*  Gcol.  Manual,  p.  479.  .f  PWl.  Trans.,  1S04. 
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bowels  of  the  earth  imder  great  pressure,  tie  contained  gases  might  be 
unable  to  escape;  yet  when  brought  into  contact  with  rocks,  raight  pass 
throagh  tlieir  pores  with  greater  fuoility  than  water  is  known  to  do 
(p.  35).  These  aeriform  fluids,  such  as  sulphuretted  hydrogen,  muriatic 
acid,  and  carbonic  acid,  issue  in  many  places  from  rents  in  rocks,  which 
they  have  discoloured  and  corroded,  softening  some  and  hardening  others. 
If  the  rooks  are  charged  with  water,  they  would  pass  through  more 
readily;  for,  according  to  the  experiments  of  Henry,  water,  under  an 
hydrostatic  pressure  of  96  feet,  will  absorb  three  times  as  much  carbonic 
acid  gas  aa  it  can  under  the  ordinary  pressure  of  the  atmosphere.  Al- 
though this  increased  power  of  absorplioa  would  be  diminished,  in  con- 
sequence of  the  higher' temperature  found  to  exist  as  we  descend  in  the 
earth,  jet  Professor  Bischoff  has  shown  that  the  heat  by  no  means  aug- 
ments in  such  a  proportion  as  to  counteract  the  effect  of  augmented 
pressure.*  There  are  other  gases,  as  well  as  the  carbonic  acid,  which 
water  absorbs,  and  more  rapidly  in  proportion  to  the  amount  of  pressure. 
Now  even  the  most  compact  rocks  may  be  regarded,  before  they  have 
been  exposed  to  the  air  and  dried,  in  the  light  of  sponges  flUed  with 
water ;  and  it  is  conceivable  that  heated  gases  brought  into  contact  with 
them,  at  great  depths,  may  be  absorbed  readily,  and  transfused  through 
their  pores.  Although  the  gaseous  matter  first  observed  would  soon  be 
condensed,  and  part  with  its  heat,  jet  the  continual  arrival  of  fresh  sup- 
plies from  below  might,  in  the  course  of  ages,  cause  the  temperature  of 
the  water,  and  with  it  thit  of  the  containing  rock,  to  be  materially 
rwsed. 

M.  Fouract,  in  his  description  of  the  metallifferous  gneiss  Bear  Cler- 
mont, in  Auvergne,  states  that  all  the  minute  fissures  of  the  rock  are 
quite  saturated  with  free  carbonic  acid  gas,  which  rises  plentifally  from 
the  soil  there  and  in  many  parts  of  the  surrounding  country.  The  va- 
rious elements  of  the  gneiss,  with  the  exception  of  the  quartz,  are  all 
softened ;  and  new  combinations  of  the  acid,  with  lime,  iron,  and  man. 
ganese,  are  continually  in  progress.^ 

Another  illustration  of  the  power  of  subterranean  gases  is  afforded 
by  the  stufas  of  St,  Calogero,  situated  in  the  largest  of  the  Lipari  Islands, 
Here,  according  to  the  description  published  by  Hoffmann,  horizontal 
strata  of  tuff,  extending  for  4  miles  along  the  coast,  and  forming  cliffs 
more  than  200  feet  high,  have  been  discoloured  in  various  places,  and 
strangely  altered  bj  the  "all-penetrating  vapours."  Dark  clays  have 
become  yeOow,  or  often  snow-white ;  or  have  assumed  a  chequered  or 
breccJated  appearance,  being  crossed  with  ferruginous  red  stripes.  In 
some  places  the  fumeroles  have  been  found  by  analysis  to  consist  partly 
of  sublimations  of  oxide  of  iron ;  but  it  also  appears  that  veins  of  chal- 
cedony and  opal,  and  others  of  fibrous  gypsum,  have  resulted  from  these 
volcanic  exhalations. J 

*  Poggendorf's  Annalen,  No.  3vi.,  2d  eeriea,  vol  iii. 

f  See  Principles,  Index,  "Carbouated  Spcinga,"  &e. 

J  Hoffmann's  Lipariaclieu  Inselu,  p.  38.     Leipzig,  1832. 
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The  reader  may  also  refer  to  M.  Virlet's  account  of  tlie  corrosiou  of 
hard,  flinty,  and  jaapideous  rocks  near  Corinth,  by  the  prolonged  agency 
of  subten-anean  gases;*  and  to  Dr.  Daabeay's  description  of  the  decom- 
position of  trachytic  rocks  in  the  Solfatara,  near  Naples,  by  sulphuretted 
hydrogen  and  muriatic  acid  gases.f 

Although  in  all  these  instance  we  can  only  study  the  jihenomena  as 
exhibited  at  the  surface,  it  is  clear  that  the  gaseous  fluids  must  have 
made  their  way  through  the  whole  thickness  of  porous  or  fissured  rocks, 
which  intervene  between  the  subterranean  resei-voirs  of  gas  and  the 
external  Mr.  The  extent,  therefore,  of  the  earth's  crust,  which  the 
vapours  have  permeated  and  are  now  permeating,  may  be  thousands  of 
fitthoms  in  thickness,  and  their  beating  and  modifying  influence  may  be 
spread  throughout  the  whole  of  this  solid  mass. 

We  learn  from  Professor  Bischoff  that  the  steam  of  a  tot  spi-ing  at 
Aix-Ia-Chapelle,  although  its  temperatui-e  is  only  from  133°  to  167"  F., 
has  converted  the  surface  of  some  blocks  of  black  marble  into  a  doughy 
mass.  He  conceives,  therefore,  that  steam  in  the  bowels  of  the  earth 
having  a  temperature  equal  or  even  greater  than  the  melting  point  of 
lava,  and  having  an  elasticity  of  which  even  Papin'a  digester  can  give 
but  a  faint  idea,  may  convert  rocks  into  liquid  matter.J 

The  above  observations  are  calculated  to  meet  some  of  the  objections 
which  have  been  urged  against  the  metamorphic  theory  on  the  ground 
of  the  small  power  of  rocks  to  conduct  heat;  for  it  is  well  known  that 
i-ocks,  when  dry  and  in  the  air,  differ  remarkably  from  metals  in  this 
respect.  It  has  been  asked  how  the  changes  which  extend  merely  for  a 
few  feet  from  the  contact  of  a  dike  could  have  penetrated  through  moun- 
tain masses  of  crystalline  strata  several  miles  in  thioknesg.  Now  it  has 
been  stated  that  the  plutonao  influenoe  of  the  syenite  of  Norway  has 
sometimes  altered  fossiliferoas  strata  for  a  distance  of  a  quarter  of  a 
mile,  both  in  the  direction  of  their  dip  and  of  their  strike.  (See  fig. 
512.  p.  474.)  This  is  undoubtedly  an  extreme  case;  but  is  it  not  fiir 
more  philogophical  to  suppose  that  this  influence  may,  under  favourable 
circumstances,  affect  denser  masses,  than  to  invent  an  entiiely  new  cause 
to  account  for  effects  merely  differing  in  quantity,  and  not  in  kmd '' 
The  metamorphic  theory  does  not  require  us  to  affirm  that  some  con 
tiguous  mass  of  granite  has  been  the  altering  powei ,  but  merely  that 
an  action,  existing  in  the  interior  of  the  earth  at  an  unknown  depth, 
whether  thermal,  electrical,  or  other,  analogous  to  that  exerted  neai  in- 
truding masses  of  granite,  has,  in  the  course  of  \ait  anl  mdefinit* 
periods,  and  when  rising  perhaps  from  a  large  heated  surface,  reduced 
strata  thousands  of  yards  thick  to  a  state  of  semi  fusion,  so  that  on 
cooling  thoy  have  become  crjstaUine,  like  gneiss.  G-ranite  may  have 
been  another  result  of  the  same  action  in  a  higher  stdte  of  inten'<i(y,  by 

*  See  Prino.  of  Geol. ;  and  Bulletin  tie  la  Soo.  Geol.  le  Trance  loni  ii 
p.  280. 

■f  See  Prine.  of  Geol. ;  and  Daubeny'H  Voloonos,  p.  167. 
J  Jam.  Ed.  New  Phil.  Journ.,  No.  51,  p.  43. 
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which  a  thorough  fosion  Las  been  produced;  and  in  this  manner  the 
passage  from  granite  into  gneiss  may  be  explained. 

Some  geologists  are  of  opinion,  that  the  altemat*  layers  of  miea  and 
quarto,  or  mica  and  felapar,  or  lime  and  felspar,  are  so  much  more  dis- 
tinct, in  certain  metamorpMo  rooks,  than  the  ingredients  composing  alter- 
nate layers  in  many  sedimentary  deposits,  that  the  similar  particles  must 
be  supposed  to  have  exerted  a  molecular  attraction  for  each  other,  and 
to  have  thus  congregated  together  in  layers  more  distinct  ia  mineral 
composition  than  before  they  were  crystalliaed. 

In  considering,  then,  the  Tarious  data  already  enumerated,  the  forms 
of  sfiatification  in  metamorphic  rocks,  their  passage  on  the  one  hand 
into  the  fossiliferous,  and  on  the  other  into  the  plutonic  formations,  and 
the  couTersions  which  can  be  ascertained  to  have  occurred  in  the  vicin- 
ity of  granite,  we  may  conclude  that  gneiss  and  mica-schist  may  be 
nothing  more  than  altered  micaceous  and  argillaceous  sandstones,  that 
granular  quarta  may  have  been  derived  from  siliceous  sandstone,  and 
compact  quarte  from  the  same  materials.  Clay^ate  may  be  altered  shale, 
and  granular  marble  may  have  originated  in  the  form  of  ordinary  lime- 
stone, replete  with  sheUs  and  corals,  which  have  since  been  obliterated ; 
and,  lastly,  caJcareous  sands  and  marls  may  have  been  changed  into  im- 
pure crystalline  limestones. 

"  Hornblende-schist,"  says  Dr.  MacCulloch,  "  may  at  first  have  been 
clay ;  for  clay  or  shale  is  found  altered  by  trap  into  Lydian  stone,  a 
substance  differing  from  hornblende-schist  aJmost  solely  in  compactness 
and  uniformity  of  texture."*  "  In  Shetland,"  remarks  the  same  author, 
"  argillaceous-schist  (or  clay-slate),  when  in  contact  with  granite,  is  some- 
times converted  into  hornblende-schist,  the  schist  becoming  first  siliceous, 
and  ultimately,  at  the  contact,  hornblende-schist,  "f 

The  anthracite  and  plumbago  associated  with  hypogene  rocks  may 
have  been  coal ;  for  not  only  is  coal  converted  into  anthracite  in  the 
vicinity  of  some  trap  dikes,  but  we  have  seen  that  a  like  change  has 
taken  place  generally  even  far  from  the  contact  of  igneous  rooks,  in  the 
disturbed  region  of  the  Appalachians. |  At  Worcester,  in  the  state  of 
Massachusetts,  45  miles  due  west  of  Boston,  a  bed  of  plumbago  and 
impure  anthracite  occurs,  and  has  been  made  use  of  both  as  fuel,  and 
in  the  manufacture  of  lead-pencils.  At  the  distance  of  30  miles  from 
the  plumbago,  there  occurs,  on  the  borders  of  Rhode  Island,  an  impure 
anthracite  in  slates,  containing  impressions  of  coal-plants  of  the  genera 
Pecopteru,  Naiiropteris,  Calamttes,  &c.  This  anthracite  is  intermediai* 
in  character  between  that  of  Pennsylvania  and  the  plumbago  of  Wor- 
cester, in  which  last  the  gaseous  or  volatile  matter  (hydrogen,  oxygen, 
and  nitrogen)  is  to  the  carbon  only  in  the  proportion  of  3  per  cent. 
After  traversing  the  country  in  various  directions,  I  came  to  the  conclu- 

*  Syat.  of  Geol.,  to!,  ii.,  p.  210.  f  Ibid.,  p.  211. 

X  See  aboTe,  pp.  327,  333. 
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sion  that  the  carlioniferoua  shales  or  slates  with  anthracite  and  plants, 
which  in  Ehode  Island  often  pass  into  mica-achistj  have  at  Worcester 
assumed  a  perfectly  erjslajline  and  metaniorphio  testure;  the  anthracite 
having  been  nearly  transmnted  into  that  state  of  pure  carbon  which  ia 
called  plumbago  or  graphite.* 

The  total  absence  of  any  trace  of  fossils  has  inclined  many  geologists 
to  attribute  the  origin  of  orjsfalline  strata  to  a  period  antecedent  to  the 
existence  of  organic  beings.  Admitting,  they  say,  the  obliteration,  ia 
some  cases,  of  fossils  by  plutonic  action,  we  might  sidll  expect  that  traces 
of  them  would  oftener  occur  in  certain  ancient  systems  of  slate,  in  which, 
m  in  Cumberland,  some  conglomerates  occur.  But  in  ur^g  this  argu- 
ment, it  seems  to  have  been  forgotten  that  there  are  stratified  formations 
of  enormous  thickness,  and  of  various  ages,  and  some  of  them  very 
modem,  aU  formed  after  the  earth  had  become  the  abode  of  living  crea- 
tures, which  are,  nevertheless,  in  certain  districts,  entirely  destitute  of 
all  vestiges  of  organic  bodies.  In  some,  the  traces  of  fossils  may  have 
been  effaced  by  water  and  acids,  at  many  successive  periods ;  and  it  is 
clear,  that  the  older  the  stratum,  the  greater  is  the  chance  of  its  being 
nonfossihferons,  even  if  it  has  escaped  all  metaniorphic  action. 

It  baa  been  also  objected  to  the  metamorphic  theory,  that  the  chemi- 
cal composition  of  the  secondary  strata  differs  essentially  from  that  of 
the  crystalline  schists,  into  which  they  are  supposed  to  be  convertible.f 
The  "pimary"  schists,  it  is  said,  usually  contain  a  considerable  propor- 
tian  of  potash  or  of  soda,  which  the  secondary  clays,  shales,  and  slates 
do  not,  these  last  being  the  result  of  the  decomposition  of  felspathic 
rocks,  from  which  the  alkaline  matter  has  been  abstracted  during  the 
process  of  decomposition.  Bat  this  reasoning  proceeds  on  insufficient 
and  apparently  mistaken  data;  for  a  large  portion  of  what  is  usually 
called  clay,  marl,  shale,  and  slate  does  actually  contain  a  certain,  and 
often  a  considerable,  proportion  of  alkali ;  so  that  it  is  difficult,  in  many 
countries,  to  obtmu  clay  or  shale  sufficiently  free  from  alkaline  ingre- 
dients to  allow  of  their  being  burnt  into  bricks  or  used  for  pottery. 

Thus  the  ar^llaceous  shales  and  slates  of  the  Old  Eed  sandstone,  ia 
Forfarshire  and  other  parts  of  Scotland,  are  so  much  charged  with  alkali, 
derived  from  triturated  felspar,  that,  instead  of  hardening  when  exposed 
to  fire,  they  sometimes  melt  into  a  glass.  They  contain  no  lime,  but 
appear  to  consist  of  extremely  minute  grains  of  the  various  ingredients 
of  granite,  which  are  distinctly  visible  in  the  coarser-grained  varieties, 
and  in  almost  all  the  interposed  sandstones.  These  laminated  clays  and 
shales  might  certainly,  if  crystallized,  resemble  in  composition  many  of 
the  primary  strata. 

There  is  also  potash  in  fossil  vegetable  remains,  and  soda  in  the  salts 
by  which  strata  are  sometimes  so  largely  impregnated,  as  in  Patagonia. 

Another  objection  has  been  derived  from  the  alternation  of  highly 

*  See  Ljell,  Quart.  Geoi.  Journ.,  vol.  i.,  p.  139. 
t  Dr.  Eoase,  Primary  Ooology,  p.  319. 
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crystalline  strata  with,  others  Laving  a  less  crystalline  texture.  The 
heat,  it  is  saiiJ,  in  its  ascent  from  below,  must  have  traversed  the  less 
altered  sohista  before  it  reached  a  higher  and  wore  crystalline  bed.  In 
answer  to  this,  it  may  be  observed,  that  if  a  ntiinber  of  strata  differing 
greatly  in  composition  from  each  other  be  subjected  to  equal  quantities 
of  heat,  there  is  every  probabiHty  that  some  will  be  more  fusible  than 
others.  Some,  for  example,  will  contain  soda,  potash,  lime,  or  some 
other  ingredient  capable  of  acting  as  a  flux;  while  others  may  be  desti- 
tute of  the  same  elements,  and  so  refractory  as  to  be  very  slightly 
affected  by  a  degree  of  heat  capable  of  reducing  others  to  semi-fusion. 
Nor  shanld  it  be  forgotten  that,  as  a  general  rule,  the  less  crystalline 
rocks  do  really  occur  in  the  upper,  and  the  more  crystalline  in  the  lower 
part  of  each  metamorphic  series. 

There  are  geologists,  however,  of  high  authority,  who  admit  the  meta^ 
morphic  origin  of  gneiss  and  micha-schist  even  on  a  grand  scale  in  some 
mountain-chains,  and  who  nevertheless  believe  that  gneiss  has,  in  some 
instances  been  an  eruptive  rook,  deriving  its  lamination  from  motion 
when  in  a  flnid  or  viscous  state.  Mr.  Scrope,  in  his  description  of  the 
Ponaa  Islands,  ascribes  "  the  zoned  structiire  of  the  Hungarian  perlite 
(a  semi-vitreous  trachyte)  to  its  having  subsided,  in  obedience  to  the 
impulse  of  its  own  gravity,  down  a  slightly  inclined  plane,  while  pos- 
sessed of  an  imperfect  fluidity.  In  the  islands  of  Ponza  and  Palmarola, 
the  direction  of  the  aones  is  more  frequently  vertical  than  horizontal, 
because  the  mass  was  impelled  from  below  upwards."  *  In  like  manner, 
Mr.  Darwin  attributes  the  lamination  and  fissile  structure  of  volcanic 
rocks  of  the  trachytie  series,  including  some  ofcsidians  in  Ascension, 
Mexico,  and  elsewhere,  to  their  having  moved  when  liquid  in  the  direc- 
tion of  the  laminM.  The  zones  consist  sometimes  of  layers  of  air-cells 
drawn  out  and  lengthened  in  the  supposed  dnection  of  the  moving  mass. 
He  compares  this  division  into  parallel  zones,  thus  caused  by  the  stretch- 
ing of  a  pasty  mass  as  it  flowed  slowly  onwards,  to  the  zoned  or  ribboned 
structure  of  ice,  which  Professor  James  Forbes  has  so  ably  explained, 
showing  that  it  is  due  to  the  Assuring  of  a  viscous  body  in  mofion,"!" 
Mr.  Darwin  also  ima^nes  tbe  lamination  or  foUatwii,  as  he  terms  it,  of 
gneiss  and  mica-schist  in  South  America  to  be  the  extreme  result  of  that 
process  of  which  cleavage  is  the  first  eflect  | 

M.  Elie  do  Beaumont,  while  he  regards  the  greater  part  of  the  gneits 
and  mica-aehist  of  the  Alps  as  sedimentaiy  stnfa  altered  by  plutonic 
action,  still  conceives  that  some  of  the  Alpine  gneiss  may  have  been 
erupted,  or,  in  other  woi-ds,  may  be  gramte  drawn  lut  into  pnnllel  W 
minse  in  tie  manner  of  trachyte  as  above  alliided  to  § 

Opinions  such  as  these,  and  others  wSuch  might  be  cited,  piove  the 
difficulty  of  arriving  at  clear  theoretical  views  on  tbn  ■subjo  t      I  may 

»  Geol.  Trans.,  2d  series,  vol.  ii  p  227 

[■  Darwin,  Volcanic  Isl.inds,  pp.  6S,  70, 

j  Gaol.  Oils,  in  S,  America,  p.  167.     See  also  nliove,  p.  471. 

J  Bulletin,  vol.  iv.  p.  1301. 
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also  add  another  difficulty.  In  many  extensive  re^ons  experienced 
geologists  liave  been  at  a  loss  to  deeiiie  wHet  of  two  sets  of  divisional 
planes  were  referable  to  cleavage  and  which  to  stratification ;  and  that, 
too,  where  the  rocks  are  of  nnclisputecl  aqueous  origin.  After  much 
doubt,  they  have  sometimes  discovered  that  they  had  at  first  mistalten 
the  lines  of  cleavage  for  those  of  deposition,  because  the  former  were  by 
far  the  most  marked  of  the  two.  Now  if  such  slaty  maMes  should  be- 
come highly  crystalline,  and  be  converted  into  gneiss,  hornhlende-schist, 
or  any  other  member  of  the  hypogene  class,  the  cleavage  planes  wonld 
he  more  likely  to  remain  viaiblo  than  those  of  stratification. 

Bnt  although  the  cause  last-mentioned  may,  in  some  instances,  be  a 
"vera  causa,"  as  applied  to  gneiss  and  mica-sohist,  I  believe  it  to  be  an 
exceptioa  to  the  general  rule.  Nor  would  it,  I  conceive,  produce  that 
kind  of  irregular  parallelism  in  the  laminse  which  belongs  to  so  many 
of  the  hypogene  rooks  of  the  Grampians,  Pyrenees,  and  th.e  White 
monntains  of  North  America,  where  I  have  chiefly  studied  them. 

But  it  will  be  impossible  for  the  readier  duly  to  appreciate  the  pro- 
priety of  the  term  metamorphio,  as  applied  to  the  strata  formerly  called 
primitive,  until  I  have  shown,  iu  the  next  chapter,  at  how  many  distinct 
periods  these  crystalline  strata  have  been  formed. 


CHAPTER  XXXVir. 

ON   THE  DIFrBBBNT  AGES  0¥   THE   METAMOBPHIO  ROCKS. 

Age  of  cacli  set  of  metamorphio  strata  twofold — Test  of  age  by  foBSils  ajid  min- 
eral ohsraoter  not  available  —  Test  by  superposiiion  ambiguous  ^ — Conyecsion 
of  dense  masses  of  fossiliferoua  atmta  into  meCamorphic  rocks  —  Limestone 
and  sbale  of  Carrara— -Metamorphio  strata  of  modern  penode  in  the  Alps  of 
Switzerland  and  Savoy  —  Why  the  visible  orjEtailiue  strata  are  none  of  them 
very  modem  —  Order  of  BuceesMou  in  metamorphic  rocks — Uaiformity  of 
mineral  character — tVhy  the  metamorphic  strata  ore  less  calcareous  than  the 


According  to  the  theory  adopted  in  the  last  chapter,  the  age  of  each 
set  of  metamorphic  strata  is  twofold — they  have  been  deposited  at  one 
period,  they  have  become  crystalline  at  another.  We  can  rarely  hope 
to  define  with  exactness  the  date  of  both  these  periods,  the  fossils  having 
been  destroyed  by  plutonic  action,  and  the  mineral  charaetera  being  the 
same,  whatever  the  age.  Superposition  itself  is  an  ambiguous  test,  es- 
pecially when  we  desire  to  determine  the  period  of  crystallization.  Sup- 
pose, for  example,  we  are  convinced  that  certain  metamorphic  strata  in 
the  Alp,  which  are  covered  by  cretaoeous  beds,  are  altered  lias ;  this 
Has  may  have  assumed  its  crystalline  texture  in  the  cretaoeous  or  in  some 
tertiary  period,  the  Eocene  for  example.  If  in  the  latter,  it  should  be 
called  Eocene  when  regarded  as  a  metamorphic  rock,  although  it  be  lias- 
31 
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wc  when  considered  in  reference  to  the  era  of  its  deposition.  According 
to  this  view,  the  Buperpoaition  of  chalk  does  not  proYont  the  euhjacent 
metanwrphic  rock  from  being  Eocene.  If,  however,  in  the  progress  of 
Bcienee,  we  should  succeed  in  ascertaning  the  twofold  chronolo^eal 
relations  of  the  metamorphic  foriaatione,  it  might  he  useful  to  adopt  a 
twofold  terminology.  Wo  might  call  the  strata  ahove  alluded  to  Liagsic- 
Eocene,  or  Liassio-Bretaceons  strata  of  the  Hypogene  class;  the  Srst  term 
referring  to  the  era  of  deposition,  the  second  to  that  of  eryatallization. 

When  discussing  the  ages  of  the  plutonic  rooks,  we  have  seen  that 
examples  occur  of  various  primaiy,  secondary,  and  tertiary  deposits  con- 
verted into  metamorphic  strata,  near  their  contact  wifi  granite.  There 
can  be  no  douht  in  these  cases  that  strata,  onoe  composed  of  mud,  sand, 
and  gravel,  or  of  clay,  marl,  and  shelly  limestone,  have  for  the  distance 
of  several  yards,  and  in  some  instances  several  hundred  feet,  been  turned 
into  gneiss,  mica-schist,  homblende-sehist,  chlorite-sehist,  quartz  rook, 
statuary  marble,  and  the  i-est.     (See  the  two  preceding  Chapters). 

But  when  the  metamorphic  action  has  operated  on  a  grander  scale,  it 
tends  entirely  to  destroy  all  monuments  of  the  date  of  its  development. 
It  may  he  easy  to  prove  tie  identity  of  two  different  parts  of  the  same 
stratum ;  one,  where  the  rock  has  been  in  contact  with  a  volcanic  or 
plutonic  mass,  and  has  been  changed  into  marble  or  hornblende-schist, 
and  another  not  hx  distant,  where  the  same  hed  remains  unaltered  and 
fossiliferous ;  but  when  we  have  to  eompare  two  portions  of  a  mountdn 
chwn  —  the  one  metamorphic,  and  the  other  unaltered  —  all  the  labour 
and  still  of  the  most  practised  observers  are  required.  I  shall  mention 
one  or  two  esamplea  of  alteration  on  a  grand  scale,  in  order  to  esplaia 
to  the  student  the  kind  of  reasoning  by  which  we  are  led  to  infer  that 
dense  masses  of  fossiliferous  strat-a  have  been  converted  into  crystalline 
rooks. 

NorikeTn  Apjienines  —  Oarrara. — The  celebrated  marble  of  Carrara, 
used  in  sculpture,  was  onoe  regarded  as  a  type  of  primitive  limestone. 
It  abounds  in  the  mountains  of  Masea  Cai'rara,  or  the  "  Apuan  Alps," 
as  they  have  been  called,  the  highest  peaks  of  which  are  nearly  6000 
feet  high.  Its  great  antiquity  was  inferred  from  its  mineral  testure, 
from  the  absence  of  fossils,  and  its  passage  downward  into  talc-schist 
and  gametiferous  micarwhist ;  these  rooks  again  graduating  downwards 
into  gneiss,  which  is  penetrated,  at  Forao,  by  granite  veins.  Now  the 
researches  of  MM.  Savi,  Bou6,  Pareto,  Giiidoni,  De  la  Beche,  Hoffmann, 
and  Pilla,  have  demonstrated  that  this  marble,  onoe  supposed  to  be 
formed  before  the  esistence  of  organic  beings,  is,  in  &ct,  an  altered 
limestone  of  the  Oolitic  period,  and  the  underlying  crystalline  scliista 
ai'e  secondary  sandstones  and  shales,  modified  by  plutonic  action.  In 
order  to  establish  these  conclusions  it  was  first  pointed  out,  that  the  cal- 
careous rocks  bordering  the  Gnlf  of  Spezia,  and  abounding  in  Oolitic 
fossils,  assume  a  texture  like  that  of  Carrai'a  marble,  in  proportion  as 
they  are  more  and  more  invaded  by  certain  trappean  and  plutonic  rooks, 
such  as  diorite,  euphotide,  serpentine,  and  granite,  occurring  in  the  same 
country. 
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It  was  then  obgerved  that,  in  places  where  the  secondary  fo  m  t  oa 
are  unaltered,  the  uppermost  consist  of  common  Apenuine  In  t  ne 
with  nodules  of  flint,  below  which  are  shales,  and  at  the  base  f  all 
gillaceous  and  siliceous  sandstones.  In  the  limestone,  fossils  ate  fiequ  nt 
but  very  rare  in  the  underlying  shale  and  sandstone.  Then  a,  giadat  n 
was  traced  later^ly  from  those  rocks  into  another  and  corre  p  ndin 
series,  which  is  completely  metamorphic ;  for  at  the  top  of  th  w  find 
a  white  granular  marble,  wholly  devoid  of  fossils,  and  almost  w  tho  t 
stratification,  in  ■which  there  are  no  uodules  of  flint,  but  in  t  pla  e 
siliceous  matter  disseminated  through  the  mass  in  the  form  of  prisms  of 
quarta.  Below  this,  and  in  place  of  tie  shales,  are  talc-schist  jaspe 
and  homstone ;  and  at  the  bottom,  instead  of  the  silieeous  an  a  gi  a 
ceons  sandstones,  are  quartzite  and  gneiss.*  Had  these  seconda  y  a  a 
of  the  Apennines  undergone  universally  as  great  an  amount  of  an  mu 
tation,  it  would  have  been  impossible  to  form  a  conjecture  p  ng 
their  tnie  age ;  and  then,  according  to  the  common  method  of  g  g  al 
claasiflcation,  they  would  have  ranked  as  primary  rocks.  In  ha 
the  date  of  their  origin  would  have  been  thrown  back  to  an  era  an 
dent  to  the  deposition  of  the  Lower  Silurian  or  Cambrian  strata  a  h  ugh 
in  reality  they  were  formed  in  the  Oolitic  period,  and  altered  at  some 
subsequent  and  perhaps  much  later  epoch. 

Alps  of  Swifsxrland. — In  the  Alps,  analogous  conclusions  have  been 
drawn  respecting  the  alteration  of  strata  on  a  still  more  extended  scale- 
In  the  easteru  part  of  that  chain,  some  of  the  primary  fossiliferous  strata, 
as  well  as  the  older  secondary  formations,  together  with  the  oolitic  and 
cretaceous  rocks,  are  distinctly  recognizable.  Tertiary  deposits  also 
appear  in  a  leas  elevated  position  on  the  flanks  of  the  Eastern  Alj» ;  but 
in  the  Central  or  Swiss  Alps,  the  primary  fossiliferous  and  older. second- 
ary formations  disappear,  and  the  Crelaceous,  Oolitic,  Liassic,  and  at 
some  points  even  the  Eocene  strata,  graduate  insensibly  into  metamor- 
phic rooks,  consisting  of  granular  limestone,  talc-schist,  talcose-gnoiss, 
3  schist,  and  other  varieties.  In  regard  to  the  age  of  this  vast 
_e  of  crystalline  strata,  we  cau  merely  affinn  that  some  of  the 
upper  portions  are  altered  newer  secondary,  and  some  of  them  oven 
Eocene  deposits ;  but  we  cannot  avoid  suspecting  that  the  disappearance 
both  of  the  older  secondary  and  primary  foiiiliferous  rocks  may  be 
owing  to  tbei!  all  having  been  comerted  in  this  region  into  crystalline 
schist 

It  IS  diffii-nlt  to  convey  to  those  who  have  never  visited  the  Alps  a 
just  idea  of  the  vaiious  proofs  which  concur  to  produce  this  convicdon. 
In  the  first  place,  there  are  certain  regions  wheie  Oolitic,  Cretaceous, 
and  Eocene  strata  have  been  turned  into  granulai  marble,  gneiss,  and 
other  metamorphio  schists,  near  then  contact  with  gi'anite.  This  fact 
shows  undeniably  that  plutonic  causes  contmued  fo  be  in  operation  in 

»  See  notice''  of  Sivi,  Hoffmann,  and  others,  referred  to  by  Bou^,  Bull,  de  la 
Soe  Olol  de  Fraui-a  toa  v  ,  p  317  and  tern  in  ,  p  xliv. ;  also  rilla,  cited 
bj  Murolu'on   Qmrt  Geol   Toura,vj!   v,p  2*i6 
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the  Alps  down  to  a  late  period,  even  after  the  deposition  of  some  of  the 
nummulitie  or  older  Eocene  formations.  Having  estaijlisted  this  point, 
we  are  the  more  willing  to  helieye  that  many  inferior  fossilLferous  rooks, 
probably  exposed  for  longer  periods  to  a  similar  action,  may  have  become 
motaraorphic  to  a  still  greater  extent. 

We  also  discover  in  paita  of  the  Swiss  Alps  dense  masses  of  second- 
ary and  even  tertiary  strata,  which  have  assumed  that  semi-crystalline 
texture  which  Werner  called  transition,  and  which  naturally  led  Ms  fol- 
lowers, who  attached  great  importance  to  mineral  characters  taken  alone, 
to  class  them  as  transition  formations,  or  as  groups  older  than  the  lowest 
secondary  rocks.  (See  p.  92.)  Now,  it  is  probable  that  these  strata 
have  been  affected,  although  Jn  a  less  intense  degree,  by  that  same  plu- 
tonic  action  which  Las  entirely  altered  and  rendered  metamorphio  so 
many  of  the  subjacent  formations ;  for  in  the  Alps,  this  action  has  by 
no  means  been  confined  to  the  immediate  vicinity  of  granite.  Granite,  in- 
deed, and  other  plutonic  rooks,  rarely  make  their  appearance  at  the  sur- 
fiice,  HOtwithstanding  the  deep  ravines  which  lay  open  to  view  the 
internal  structure  of  these  mountMns.  That  they  esist  below  at  no 
great  depth  we  cannot  doubt,  and  we  have  already  seen  (p.  445)  that  at 
some  points,  as  in  the  Valorsinc,  near  Mont  Blanc,  granite  and  granitic 
veins  are  observable,  piercing  through  talcose  gneiss,  which  passes  insen- 
sibly upwards  into  secondary  strata. 

It  is  certainly  in  the  Alps  of  Switzerland  and  Savoy,  more  than  in 
any  other  district  in  Europe,  that  the  geologist  is  prepared  to  meet  with 
the  signs  of  an  intense  development  of  plutonic  action;  for  here  we  find 
the  most  stupeadous  monuments  of  mechanical  violence,  by  which  strata 
thousands  of  feet  thick  have  been  bent,  folded,  and  overturned.  (See 
p.  58.)  It  is  here  that  marine  secondary  formations  of  a  comparatively 
modem  date,  such  as  the  Oolitic  and  Cretaceous,  have  been  upheaved 
to  the  height  of  12,000,  and  some  Eocene  strata  to  elevations  of  10,000 
feet  above  the  level  of  the  sea;  and  even  deposits  of  the  Miocene  era 
have  been  raised  4000  or  5000  feet,  so  as  to  rival  in  height  the  loftiest 
mountains  in  Oreat  Britain. 

If  the  reader  wJU  consult  the  works  of  many  eminent  geologists  who 
have  explored  the  Alps,  especially  those  of  MM.  De  Beaumont,  Studer, 
Necker,  Bonfi,  and  Murohison,  he  will  learn  that  they  all  share,  more 
or  less  fully,  in  the  opinions  above  espressed.  It  has,  indeed,  been 
slated  by  MM.  Studer  and  Hugi,  that  there  are  complete  alternations 
on  a  large  scale  of  secondary  strata,  contdning  fossils,  with  gneiss  and 
other  rooks,  of  a  perfectly  metamorphio  structure.  I  have  visited  some 
of  the  most  remarkable  localities  referred  to  by  these  authors ;  but  al- 
though agreeing  with  them  that  there  are  passages  from  the  fossiliferons 
to  the  metamorphio  series  far  from  the  contact  of  granite  or  other  plu- 
tonic rocks,  I  was  unable  to  convince  myself  that  the  distinct  alterna- 
tions of  highly  crystaDine,  with  unaltered  strata  above  alluded  to,  might 
not  admit  of  a  different  explanation.  In  one  of  the  sections  described 
by  M.  Studer  in  the  highest  of  the  Bernese  Alps,  niunely  in  the  Koth- 
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thai,  a  Tallcy  bordering  tte  line  of  perpetual  anow  on  the  northern  side 
of  the  Jungfrau,  there  occurs  a  mass  of  gneiss  1000  feet  thick,  and 
15  000  feet  long,  which  I  examined,  not  only  resting  upon,  but  also 
again  covered  by  strata  containing  oolitio  fossils.  Those  anomalous  ap- 
pearances may  partly  be  explained  by  supposing  great  solid  wedges  of 
intrusive  gneiss  to  have  been  forced  in  laterally  between  strata  to  which 
I  found  tiem  to  be  in  many  sections  unconformable.  The  superposi- 
tion, also,  of  the  gneiss  to  the  oolite  may,  in  some  cases,  be  due  to  a 
reversal  of  the  original  position  of  the  beds  in  a  region  wliere  the  con- 
vulsions have  been  on  so  stupendous  a  scale. 

On  tlie  Battel  also,  at  the  base  of  the  Gestellihora,  above  Enzen,  in 
tte  yaHey  of  "Urbach,  near  Meyringen,  some  of  the  intercalations  of 
gneiss  between  fossiliferons  strata  may,  I  conceive,  be  ascribed  to  me- 
chanical derangement.  Almost  any  hypothesis  of  repeated  changes  of 
position  may  be  resorted  to  in  a  region  of  such  extraordinary  confusion. 
The  secondary  strata  may  first  have  been  vertical,  and  then  certain  por- 
tions may  have  become  metamorphie  (the  plutonie  influence  ascending 
from  below),  while  intervening  strata  remain  unchanged.  The  whole 
series  of  beds  may  then  again  have  been  thrown  into  a  nearly  horizontal 
position,  giving  rise  to  the  superposition  of  crystalline  upon  fossiliferons 
formations. 

It  was  remarked,  in  Chap.  XXXIV.,  that  as  the  hypogeno  rooks,  both 
stratified  and  unstratifled,  crystalliao  originally  at  a  certain  depth  beneath 
tte  surface,  they  must  always,  before  they  are  upraised  and  exposed  at 
the  surface,  be  of  considerable  antiquity,  relatively  to  a  large  portion 
of  the  fossiliferons  and  volcanic  rocks.  They  may  be  forming  at  all 
periods;  but  before  any  of  them  can  become  visible,  they  must  be 
raised  above  the  level  of  the  sea,  and  some  of  the  rocks  which  pre- 
viously concealed  them  must  have  been  removed  by  denudation. 

Ordee  o/suceessim  in,  metamvtphic  rocks. — There  is  no  universal  and 
invariable  order  of  superposition  in  metamorphie  rocks,  although  a  par- 
ticular arrangement  may  prevail  throughout  countries  of  great  extent, 
for  the  same  reason  that  it  is  traceable  in  those  sedimentary  formatioiK 
from  which  crystalline  strata  are  derived.  Thus,  for  example,  we  have 
seen  that  in  the  Apennines,  near  Carrara,  the  descending  series,  where 
it  is  metamorphie,  consists  of,  1st,  saccharine  marble;  2dly,  taleose- 
sohiat;  and  3dly,  of  quartz-rock  and  gneiss;  where  unaltered,  of,  1st, 
fossiliferons  limestone;  2dly,  siiale;  and  Sdly,  sandstone. 

But  if  we  investigate  different  mountain  chains,  we  find  gneiss,  mica- 
schist,  hornblende-schist,  cLlorine-sohist,  hypogene,  bmestone,  and  other 
rocks,  snoeeeding  each  other,  and  alternating  with  each  other,  m  every 
possible  order.  It  is,  indeed,  more  common  to  meet  with  some  viriety 
of  clay-slate  forming  the  uppermost  m  mb  f  a  m  t  morphii  ■series 
than  any  other  rock;  but  this  fact  by  n  m  in  mpb  as  some  have 
imagined,  that  all  clay-slates  were  formed  t  th  1  f  an  imaginary 
period,  when  the  deposition  of  the  cryst  !lm  t  ta  ga  'e  way  to  that 
of  ordinary  sedimentary  deposits.     Such    1  y  lat       nit,  are  variable 
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in  compoaition,  and  sometimGS  alternate  with  fossillferoua  strata,  so  that 
thej  may  be  said  to  belong  almost  eqiaaUy  to  the  sedimentary  and  meta- 
morphic  order  of  rocks.  It  is  probable  that  had  they  been  subjected  to 
moi-e  intense  plutonio  action,  tbey  would  have  been  transformed  into 
hornblende-schist,  foliated  ohlorite-schiat,  sealj  talcose-schist,  mica-schist 
or  other  more  perfectly  orystaUine  rocks,  such  as  aro  usiially  associated 
with  gneiss. 

Uniformity  of  mineral  character  in  Hypogene  rocfc.  —  Hamboldt 
has  emphatically  remarked,  that  when  we  pass  to  another  hemisphere, 
we  see  new  forms  of  animals  and  plants,  and  even  new  constellations  in 
the  heavens;  but  in  the  rooks  we  sJiU  recognize  our  old  acquaintances, 
—the  same  granite,  the  same  gneiss,  the  same  micaceous  schist,  quarta- 
rock,  and  the  rest.  It  is  certainly  true  that  there  is  a  great  and  striking 
general  resemblance  in  the  principal  kinds  of  hjpogene  rooks,  although 
of  very  different  ages  and  countries;  but  it  has  been  shown  that  each 
of  these  are,  in  fact,  geological  families  of  locks,  and  not  definite  mineral 
compounife.  They  are  much  more  uniform  in  aspect  than  sedimentary 
strata,  because  these  last  are  often  composed  of  fi-agmenta  varying  greatly 
in  form,  size,  and  colour,  and  contain  fossils  of  different  shapes  and  min- 
eral  composition,  and  acquire  a  variety  of  tints  from  the  mixture  of 
rarioua  kinds  of  sediment.  The  materials  of  such  strata,  if  melted  and 
made  to  crystallize,  would  be  subject  to  chemical  laws,  simple  and  uni- 
form in  their  actjou,  the  same  in  eyery  climate,  and  wholly  undisturbed 
by  ]nechanioaI  and  organic  causes. 

Nevertheless,  it  would  be  a  great  error  to  assume  that  the  hypogene 
rocks,  considered  as  aggregates  of  simple  minerals,  are  reaUy  more  homo- 
geneous in  their  composition  than  the  several  members  of  the  sediment- 
ary series.  In  the  fii-st  place,  different  assemblages  of  hypogene  rocks 
occur  in  different  countries;  and,  secondly,  in  any  one  district,  the  rocks 
which  pass  under  the  same  name  are  often  extremely  variable  in  theu^ 
component  ingredients,  or  at  least  in  the  proportions  in  which  each  of 
these  are  present.  Thns,  for  example,  gneiss  and  mica-schist,  so  abun- 
dant in  the  Grampians,  are  wanting  in  Cumberland,  Wales,  and  Corn- 
wall; in  parts  of  the  Swiss  and  Italian  Alps,  the  gneiss  and  granite  are 
taleose,  and  not  micaceous,  as  in  Scotland;  hornblende  prevails  in  the 
granite  of  Seotland^chorl  in  that  of  Cornwall— albite  in  the  pktonic 
rocks  of  the  Andes— common  felspar  in  those  of  Europe.  In  one  part 
of  Scotland,  the  mica-schist  is  full  of  garnets;  in  another  it  is  wholly 
devoid  of  them :  while  in  South  Ame  ac  dntMDwnt 
is  the  gneiss,  and  not  the  niicarsohjst,  wh  h  n  t  mm  nly  g  -n  1 1 
erons.  And  not  only  do  the  proportion  I  quant  t  f  f  1  p  j  art 
mica,  hornblende,  and  other  minerals,  ary  n  hypoj,  n  ook  b  g 
the  same  name ;  hut  what  is  stOl  moi  n  p  t  nt  th  y  \  t 
we  have  seen,  of  the  same  simple  mm     1  n  t    Iw  y        n  ta  t 

(p.  369,  and  table,  p.  377). 

The  metammjiJiic  strata,  why  kss  cal         m  then  lief     1  f  ou  

It  has  been  remarked,  that  the  quantity    f  ca!  ar     is  matte    n  m  ta 
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morphie  strata,  or,  indeed,  in  tie  tjpogeae  formations  generally,  is  far 
less  than  in  fossiliferous  deposits.  Thus  the  crystalline  scbiats  of  the 
Grampians  in. Scotland,  consisting  of  gneiss,  mioa-schiat,  hornblende 
schist,  and  other  rocks,  many  thousands  of  yards  in  thiokneas,  contain 
an  exceedingly  small  proportion  of  interstratified  calcareous  beds,  al- 
though these  have  been  the  objects  of  careful  search  for  economical 
purposes.  Yet  limestone  is  not  wanting  in  tie  Grampians,  and'  it  is' 
associated  sometimes  with  gneiss,  sometimes  with  mica-schist,  and  in 
other  places  with  other  members  of  the  metamorphic  series.  But  where 
limestone  occurs  abundantly,  as  at  Oarrara,  and  in  parts  of  the  Alps,  in 
connection  with  hypogene  rocks,  it  usually  forma  one  of  the  superior 
members  of  the  crystalline  group. 

The  scarcity,  then,  of  carbonate  of  lime  in  the  plutonic  and  meta- 
morphic rocks  generally,  seems  to  be  the  result  of  some  general  cause. 
So  long  as  the  hypogene  rocks  were  belieyed  to  have  ori^natcd  antece- 
dently to  the  creation  of  organic  beings,  it  was  easy  to  impute  the 
absence  of  lime  to  the  non-exiafsnce  of  those  mollusca  and  zoophytes  by 
which  shells  and  corals  aie  secreted ;  but  when  we  ascribe  the  crystalline 
formations  to  plutonic  action,  it  is  natural  to  inquire  whether  this  action 
itself  may  not  tend  to  espel  carbonic  acid  and  lime  from  the  materials 
which  it  reduces  to  fusion  or  semi-fusion.  Although  we  cannot  deacend 
into  the  subterranean  regions  where  volcanic  heat  is  developed,  we  can 
observe  in  regions  of  spent  volcanos,  such  as  Anvergne  and  Tuscany, 
hundreds  of  springs,  both  cold  and  thermal,  flowing  out  from  granite 
and  other  rocks,  and  having  their  waters  plentifully  charged  with  carbo- 
nate of  lime.  The  quantity  of  calcareous  matter  which  these  springs 
transfer,  in  the  course  of  ages,  from  the  lower  parts  of  the  earth's  crust 
to  the  superior  or  newly  formed  parts  of  the  same,  must  be  considerable.* 

If  the  quantity  of  siliceous  and  aluminous  ingredients  brought  up  by 
suoh  springs  were  great,  instead  of  being  utterly  insignificant,  it  might 
be  contended  that  tho  mineral  matter  thus  expelled  implies  simply  the 
decomposition  of  ordinary  subterranean  rocks ;  but  the  prodi^ous  excess 
of  carbonate  of  lime  over  every  other  element  must,  in  the  course  of 
time,  cause  the  crust  of  the  earth  below  to  be  almost  entirely  deprived  of 
its  calcareous  constituents,  while  we  know  that  tho  same  action  imparts 
to  newer  deposits,  ever  forming  in  seas  and  lakes,  an  excess  of  carbonate 
of  lime.  Calcareous  matter  is  poured  into  these  lakes,  and  the  ocean, 
by  a  thousand  springs  and  rivers;  so  that  part  of  almost  every  new  cal- 
careous rook  chemically  precipitated,  and  of  many  reefs  of  shelly  and 
coralline  stone,  must  be  derived  from  mineral  matter  subtracted  by  plu- 
tonic agency,  and  driven  up  by  gas  and  steam  from  fused  and  heated 
rocks  in  the  bowels  of  tho  earth. 

Not  only  carbonate  of  lime,  but  also  free  carbonic  acid  gas  is  given 
off  plentifully  from  the  soil  and  crevices  of  rooks  in  regions  of  active 
and  spent  voleanos,  as  near  Naples,  and  in  Auvergne.  By  this  process, 
fossil  shells  or  corals  may  often  lose  their  carbonic  acid,  and  the  resi- 
dual lime  may  enter  into  the  composition  of  augite,  hornblende,  garnet, 
■*  See  Principies,  Index,  "  Calcareous  Springs," 
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and  other  hjpogene  minerals.  That  the  removal  of  the  calcareous  mat- 
ter of  foasil  shells  is  of  frequent  ooourrenoe,  is  proved  by  the  fact  of  such 
organic  remains  being  often  replaced  by  silex  or  other  minerals,  and 
sometimea  by  the  space  once  occupied  by  the  fosaU  being  left  empty  or 
only  marked  by  a  feint  impression.  We  ought  not  indeed  to  marvel  at 
the  general  absence  of  organic  remains  from  tie  crystalline  strata,  when 
wc  bear  in  mind  how  often  fossils  are  obliterated,  wholly  or  in  part  even 
in  tertiary  formations  —  how  often  vast  maesea  of  sandstone  and  shale 
of  different  ages,  and  thousands  of  feet  thick,  are  devoid  of  fossils  — 
how  certain  strata  may  first  have  been  deprived  of  a  portion  of  their 
fos^s  when  they  became  semi-orystalline,  or  assumed  the  iramiiim  state 
of  Werner— and  how  the  remaining  organic  remains  have  been  effaced 
when  they  were  rendered  metamorphic.  Some  rocks  of  the  last-men 
ttoned  class,  moreover,  must  have  been  exposed  again  md  again  to 
renewed  pktonio  action. 


CHAPTER  XXXVIII. 


MINERAL  "VEINS. 


Werner  s  dootriGe  that  mineral  veins  were  fissures  fiUed  from  above- Veins  of 
^Breeitt.on— Ordinary  metalliferous  veins  or  lodes  — Their  freqaeat  coinci- 
dence with  faulla-Pj^ofa  (hat  they  originated  in  fissures  in  solid  rook- 
—  Polishing  of  tteir  walls— Shells  and  pebbles  in 
luooessive  enlargement  and  re-opening  of  veins  — 
i'onrnets  observationa  in  Auvergne  — Dimoneions  of  veins— Why  soma  alter- 
nately swell  ont  and  eontraot  -  Filling  of  lodes  by  subKmation  from  below- 
CJiemio^  and  electrical  action-Relative  age  of  the  precious  metals-Copper 
and  lead  veins  lu  Ireland  older  Uian  Cornish  tin  — lead  vein  in  lias  Gla- 
morganshire- Gold  in  Russia  -  Connection  of  hot  springs  and  mineral'veins 
—  UoDClnding  remarks. 

Ths  manner  in  wlioh  met.Ilio  .nbstaees  am  distribnted  tliiougli  the 
earth  a  ttuat,  and  mora  espmially  the  phenomena  of  those  noarlj  Toiti. 
oal  and  lahnlar  masaea  ot  ore  called  mineial  yeins,  from  which  the  larger 
part  of  the  preoiona  metal,  nsed  bj  man  are  obtained,  —these  are  sub- 
jects of  the  highest  practical  importance  to  the  miner,  and  of  no  less 
theoretical  interest  to  the  geologist. 

The  views  entertained  reipcoting  metallifetona  veina  ha»e  been  modi- 
hod,  or,  rather,  have  undergone  an  almost  complete  revolution,  since  the 
middle  of  the  last  century,  when  Womor,  as  director  of  the  School  of 
iKmes,  at  Freiberg  in  Saiony,  fret  attempted  to  generaliio  the  facts 
then  known.  He  taught  that  mineral  veins  bad  originally  been  open 
flssures  wbiob  wore  gradually  filed  up  with  crystaniue  and  metallio  mat. 
tor,  and  that  many  of  them,  after  being  onee  filled,  bad  been  again  en- 
larged or  reopened.  He  also  pointed  out  that  veins  thus  formed  are  not 
all  referable  to  one  era,  but  are  of  various  geological  dates. 
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Sucli  opinions,  aithougli  slightly  hinted  at  by  earlier  writers,  had  never 
hefore  been  generally  rBoeired,  and  thiir  announcement  hy  one  of  high 
authority  and  great  experience  constituted  an  era  in  the  seience.  Never- 
theless, I  have  shown,  when  tracing,  in  another  work,  the  histoi-y  and 
Teology,  that  Werner  was  fi»r  behind  some  of  his  predeoes- 
;heory  of  the  volcanic  rocks,  and  less  enlightened  than  hia 
contemporary,  Dr.  Hntton,  in  his  speculations  as  to  the  origin  of  granite,* 
According  to  him,  the  plutonio  formations,  as  well  as  the  crystalline 
aohiatfi,  were  substances  precipitated  from  a  chaotic  fluid  in  some  prime- 
val or  nascent  condition  of  the  planet;  and  the  metals,  therefore,  being 
closely  connected  with  them,  had  partaken,  according  to  him,  of  a  like 
mysterious  origin.  He  also  held  that  the  trap  rocks  were  aqueous  de- 
posits, and  that  dikes  of  porphyry,  greenstone,  and  basalt,  were  fissures 
filled  with  their  several  contents  from  above.  Hence  he  naturally  infer- 
red that  mineral  veins  had  derived  their  component  materials  from  an 
incumbent  ocean,  rather  than  from  a  subterranean  source ;  that  these 
materials  had  been  first  dissolved  ia  the  waters  above,  instead  of  having 
risen  up  by  sublimation  from  lakes  and  seas  of  igneous  matter  beiow. 

In  proportion  as  the  hypothesis  of  a  primeval  fluid,  or  "chaotic  men- 
struum," was  abandoned,  in  reference  to  the  plutonio  formations,  and 
when  all  geologists  had  come  to  be  of  one  mind  as  to  the  true  relation 
of  the  volcanic  and  trappean  rocks,  reasonable  hopes  began  to  be  enter- 
tained that  the  phenomena  of  mineral  veins  might  be  explained  by  fenown 
causes,  or  by  chemical,  thermal,  and  electrical  agency  still  at  work  in 
the  interior  of  the  earth.  The  grounds  of  this  conclusion  will  be  better 
understood  when  the  geological  facts  brought  to  light  by  mining  opera- 
tions have  been  described  and  esplMned. 

On  different  kinds  of  mineral  veins.  — Every  geologist  is  familiarly 
acquainted  with  those  veins  of  quartz  which  abound  in  hypogene  strata, 
forming  lenticular  masses  of  limited  extent.  They  are  sometimes  ob- 
served, also,  in  sandstones  and  shales.  Veins  of  carbonate  of  lime  are 
equally  common  in  fossiliforous  rocks,  especially  in  limestones.  Such 
veins  appear  to  have  once  been  chinks  or  small  cavities,  caused,  like 
cracks  in  clay,  by  the  shrinking  of  the  mass,  which  has  consolidated 
from  a  fluid  state,  or  has  simply  contracted  its  dimensions  in  passing 
from  a  higher  to  a  lower  temperature.  Silioeoua,  calcareous,  and  oocar 
Monally  metallic  matters,  have  sometimes  found  their  way  simultaneously 
into  such  empty  spaces,  by  infiltration  from  the  siLrroundiag  rocks,  or 
by  segregation,  as  it  is  often  termed.  Mixed  with  hot  water  and  steam, 
metallic  ores  may  have  penneated  a  pasty  matrix  until  they  reached 
those  receptacles  formed  by  shrinkage,  and  thus  gave  rise  to  that  irregu- 
lar assemblage  of  veins,  called  by  the  Germans  a  "  stockwcrk,"  in  allu- 
sion to  the  different  floors  on  which  mining  operations  are  in  such  eases 
carried  on. 

The  more  ordinary  or  regular  veins  are  usually  worked  in  vertical 

*  Principles,  &o.,  chap,  iv.,  8th  ed.,  p.  49. 
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ahaf t8,  and  have  evidently  h 
They  traverse  all  kinds  of  rocks,  hoth  1 
extend  downwards  to  indefinite  or  unknown  depths.  We  may  assume 
that  they  correspond  with  such  rents  as  we  see  caaaed  from  time  to  time 
by  the  shook  of  an  earthquake.  Metalliferous  Yeins,  referable  to  such 
agency,  are  occasionally  a  few  inches  wide,  but  more  commonly  3  or  4 
feet.  They  hold  their  course  continuously  ia  a  certain  prevailing  direc- 
tion for  miles  or  leagues,  passing  through  rooks  varying  in  mineral  com- 
position. 

That  vnetaUi/erovavdna  were  fMiires.  —  As  some  intelligent  mlilGra, 
after  an  attentive  study  of  metalliferous  veins,  have  been  unable  to  re- 


concile many  of  tlieir 


with  the  hypothesis  of  fi 


shall  begi 
evidence  ' 


>,  I 
by  stating  tlie 
its  favour.  The 
king  fact  perhaps 
which  can  be  adduced  in  its 
support  is,  the  coincidence 
of  a  considerable  proportion 
of  mineraj  veins  \i\t)ifavlts, 
or  those  dislocations  of  rooks 
which  are  indisputably  due 
to  mechanical  force,  as  above 
explained  (p.  62).  Tliere 
are  even  proofe  in  almost 
every  mining  district  of  a 
succeaaion  of  faults,  by 
which  the  opposite  walls  of 
rents,  now  the  receptacles 
of  metallic  substances,  have 
sufiered  displacement.  Thus, 
for  example,  suppose  a  a, 
fig.  513, 1«  be  a  tin  lode  in 
Cornwall,  the  term  lode  be- 
ing applied  to  veins  contain- 
ing metallic  oks.  Thia 
lode,  running  east  and  west, 
is  a  yard  wide,  and  is  sMft- 
ed  by  a  copper  lode  (6  &), 
of  similar  width. 

The  first  fissure  (a  a)  has 
been  filled  with  various  ma- 
terials, partly  of  chemical 
ori^n,  such  as  quartz,  fluor- 
spar, peroxide  of  tin,  sul- 
phuret  of  copper,  arsenical 
pyrites,  bismuth,   and  enl- 
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phurct  of  nickel,  and  partly  of  mechanical  origin,  comprising  clay  anii 
angular  fragments  or  detritus  of  the  intersected  rocks-  The  plates  of 
quartz  and  the  ores  axe,  in  some  places,  parallel  to  the  vertical  sides  or 
walls  of  the  vein,  being  divided  from  each  other  hy  alteniatJng  layers 
of  clay,  or  other  earthy  matter.  Oeeasionally  the  metallic  ores  are  dis- 
seminated in  detached  masses  among  the  vein-stones. 

It        lea  th  t     fte   the  gradual  introduction  of  the  tin  and  other 

b  t  th    se       1     ut  (6  6)  was  produced  hy  another  fracture  ae- 

mp  1  by  d  pi  ment  of  the  rooks  along  the  plane  of  h  h.  This 
»  w  pe  g  w  th  filled  with  minerals,  eomo  of  them  resembling 
th  fi        par  (or  fluate  of  lime)  and  quartz ;  others  diffe- 

t,  th       pp     h     fc  pi  ntifnl  and  the  tin  wanting  or  very  scarce. 

We  must  nest  suppose  the  shock  of  a  third  earthquake  t«  occur, 
breaking  asunder  all  the  rocka  along  the  line  c  c,  flg.  514 ;  the  fissure  in 
this  instance,  heiag  only  6  inches  wide,  and  simply  filled  with  clay,  de- 
rived, probably,  from  the  friction  of  the  walls  of  the  rent,  or  partly, 
perhaps,  washed  in  from  above.  This  new  movement  has  heaved  the 
rock  iu  such  a  manner  as  to  interrupt  the  continuity  of  the  copper  vein 
(6  6),  and,  at  the  same  time,  to  shift  or  heave  laterally  iu  the  same  di- 
rection a  portion  of  tho  tin  vein  which  had  not  previously  been  broken. 

Again,  in  fig.  515  we  see  evidence  of  a  fourth  fissure  (d  d),  also  filled 
with  cky,  which  has  cut  throu^'h  the  tia  vein  (a  a),  and  has  lifted  it 
slightly  upwards  towards  th  u  h  Th  various  changes  here  repre- 
sented are  not  ideal,  but  a  shih  t  1  n  a  section  obtained  in  working 
an  old  Cornish  mine,  lon^  n  ah  nd  n  I,  in  the  parish  of  Redruth, 
called  Euel  Peevcr,  and  d  bel  b  th  hy  Mr.  Williams  and  Mr. 
Game.*  The  principal  m  m  nt  h  eferred  to,  or  that  of  o  c,  fig. 
515,  extends  through  a  ai  f  n  1  th  n  84  feet;  but  in  this,  as  in 
the  case  of  the  other  thre  t  wdl  b  n  that  the  outline  of  the  coan- 
try  above,  or  the  geographi  1  f  tu  t  Cornwall,  are  not  affected  by 
any  of  the  dislocations,  a  p  w  f  1  I  nud  ng  force  having  clearly  been 
exerted  subsequently  to  all  th  fault  (See  above,  p.  69.)  It  is  com- 
monly said  in  Cornwall,  that  th  w  ght  distinct  systems  of  vems 
which  can  iu  liko  manner  be  f  It  many  successive  movements 
or  fractures;  and  the  G  man  mm  f  the  Harta  Mountains  apoak 
also  of  eight  systems  of  v   n       f  rabl    t    as  many  periods. 

Besides  the  proofs  of  m  hanical  a  t  n  already  esplained,  the  oppo- 
site walls  of  veins  are  frequently  pi  h  d  and  striated,  as  if  they  tad 
undergone  great  friction,  and  this  even  in  cases  where  there  has  been  no 
shift.  We  may  attribute  such  rubbing  to  a  vihratory  motion  known  to 
accompany  earthquakes,  and  to  produce  trituration  on  the  opposite  walls 
of  rent^  Similar  movements  have  sometimes  occurred  in  mineral  veins 
which  had  been  wholly  or  partially  filled  up;  for  included  pieces  of 
rock,  detached  fiom  the  sides,  are  found  to  be  rounded,  polished,  and 
striated 

'  Ucol  Trins  vol  :v  p  139;  Trana.  Roj.  Geol.  Society  ComwaU,  vol.  ii.  p.  90. 
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Tkit  a  great  many  Teina  communicated  originally  with  the  surface  of 
the  country  ahove,  or  with  the  bed  of  the  sea,  is  proved  by  the  occur- 
rence ia  them  of  well-rounded  pebbles,  agreeing  with  those  in  superficial 
alluviuma,  as  in  Auvergne  and  Saxony.  In  Bohemia,  such  pebbles 
have  been  met  with  at  the  depth  of  180  fathoms.  In  Oornw^j,  Mr. 
Came  mentions  true'  pebbles  of  quarta  and  slate  in  a  fin  lode  of  the 
Eelisttan  Mine,  at  the  depth  of  600  feet  below  the  siirfaee.  They  were 
cemented  by  oxide  of  tin  and  bisulphuret  of  copper,  and  were  traced 
over  a  space  more  than  12  feet  long  and  as  many  wide.*  Marine  fossil 
shells,  also,  have  been  found  at  great  depths,  Laving  probably  been  en- 
gulphed  during  submarine  earthquakes.  Thus,  a  gryphssa  is  stated  by 
M.  Virlet  to  have  been  met  with  in  a  lead-mine  near  S^mur,  in  France, 
and  a  ma^epore  in  a  compact  vein  of  cinnabar  in  Hungary ."f 

When  different  sets  or  systems  of  veins  oecur  in  the  same  country, 
those  which  are  supposed  to  be  of  contemporaneous  origin,  and  which 
are  filled  with  the  same  kind  of  metals,  often  maintain  a  general  paral- 
lelism of  direotdon.  Thus,  for  example,  both  the  tin  and  copper  veins 
in  Cornwall  run  nearly  east  and  west,  while  the  lead-veins  run  north 
and  south ;  but  there  is  no  general  law  of  direction  common  to  different 
mining  districts.  The  parallelism  of  the  veins  is  another  reason  for 
regarding  them  as  ordinary  fissures,  for  we  observe  that  contemporaneous 
tiap  diltes,  admitted  by  all  to  be  masses  of  melted  matter  which  have 
filled  rents,  are  often  parallel.  Assuming  then,  that  veins  are  simply 
fissures  iu  which  chemical  and  mechanical  deposits  have  accumulated, 
we  may  next  consider  the  proofe  of  their  having  been  filled  gradually 
and  often  during  successive  enlargements.  I  have  already  spoken  of 
parallel  layers  of  clay,  quartz,  and  ore.  Werner  himself  observed,  in  a 
vein  near  GEersdoff,  m  Saxony,  no  leas  than  thirteen  beds  of  different 
minerals,  arranged  with  the  utmost  regularity  on  each  side  of  the  cen- 
tral layer.  This  layer  was  formed  of  two  beds  of  calcareous  spar,  which 
had  evidently  lined  the  opposite  walla  of  a  vertical  cavity.  The  thirteen 
beds  followed  each  other  in  corresponding  order,  consisting  of  fluor-spar, 
heavy  spar,  galena,  &c.  In  these  cases,  the  central  mass  has  been  last 
formed,  and  the  two  plates  which  coat  the  outer  walls  of  the  rent  on 
each  side  are  the  oldest  of  all.  If  they  consist  of  crystalline  precipi- 
tates, they  may  be  explained  by  supposing  the  fissure  to  have  remained 
unaltered  in  its  dimensions,  while  a  series  of  changes  occurred  in  the 
nature  of  the  solutions  which  rose  up  from  below;  but  such  a  mode  of 
deposition,  in  the  case  of  many  successive  and  parallel  layers,  appears  to 
be  exceptional. 

If  a  veinstone  consist  of  crystalline  matter,  the  points  of  the  crystals 
are  always  turned  inwards,  or  towards  the  centre  of  the  vein ;  in  other 
words,  they  point  in  that  direction  where  there  was  most  space  for  the 

•  Osrne,  Trans,  of  Oeol.  Soc.  Cornwall,  toJ.  iii.  p.  238. 
f  Fournet,  Etudes  sav  lea  Depots  Metalliferes. 
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t  of  the  crystals.  Thus  each  new  layer  reoeives  the  im- 
presaioa  of  the  eryatals  of  the  preceding  layer,  and  mprinta  its  crystals 
on  tlie  one  which  follows,  until  at  length  the  whole  of  the  vein  is  filled : 
the  two  layers  which  meet  dovetail  the  points  of  their  crjstala  the  one 
into  the  other.  But  in  Cornwall,  some  lodes  occur  whore  the  vertical 
plates,  or  combs,  as  thoy  are  there  called,  exhibit  crystals  so  dovetailed 
as  to  prove  that  the  same  fissure  hag  been  often  enlarged.  Sir  H.  De 
la  Beche  gives  the  following  curious  and  instructive  example  (fig.  516) 


from  a,  copper-mine  in  granite,  near  Redruth.*  Each  of  the  plaf«s  or 
combs  (a,  h,  c,  d,  e,  /)  arc  double,  having  the  points  of  their  crystals 
turned  inwards  along  the  asis  of  the  comb.  The  sides  or  walls  (2,  3, 
4,  5,  and  6)  are  parted  by  a  th'n  ng    f     h    ous  clay,  so  that  each 

comb  is  readily  separable  f  n  an  h  bj  m  d  ate  blow  of  the  ham- 
mer. The  breadth  of  each  p  at  th  wh  1  w  dth  of  the  fissure  at 
sis  successive  periods,  and  th  t  w  11  f  th  ein,  whore  the  first 
narrow  rent  was  formed,     nsisted   f  the  g  anit     surfeces  1  and  7. 

A  somewhat  analogous  ufe  p  tati  n  ajil  all  to  numbers  of  other 
cases,  where  clay,  sand,  n  ulai  d  t  tu     alte  nate  with  ores  and 

veinstones.  Thus,  we  may  m  g  n  tl  d  f  fi  sure  to  be  encrusted 
with  siliceous  matter,  asVnUhb  dnL  ncerote,  the  walls  of 
a  volcanic  crater  formed  nl  It  b  t  rsdbyan  open  rent  in 
which  hot  vapours  had  deposited  hydrate  of  silica,  the  incrustation 
nearly  estending  to  the  middle. f  Such  a  vein  may  then  be  filled  with 
clay  or  sand,  and  afterwards  reopened,  the  new  rent  dividing  the  argil- 
laceous deposit,  and  allowing  a  quantity  of  rubbish  to  fall  down.  Various 
metals  and  spars  may  then  be  precipitated  from  aqueous  solutions  Mnong 
the  interstices  of  this  heterogeaeous  mass. 

That  such  changes  have  repeatedly  occurred,  is  demonstrated  by  oc- 
casional cross-veins,  implying  the  oblique  fracture  of  previously  formed 
chemical  and  mechanical  deposits.  Thus,  for  example,  M.  Fouraet,  in 
his  description  of  some  mines  in  Auvergne  worked  under  bis  superin- 
tendence, observes,  that  the  granite  of  that  country  was  first  penetrated 
by  veins  of  granite,  and  then  dislocated,  so  that  open  rents  crossed  both 
the  granite  and  the  granitic  veins.     Into  such  openings,  quartz,  aecom- 

*  Geol.  Ii<p.  on  Cornwall,  p,  340.        |  Principles,  cb.  ssvii.  8tii  ed.  p.  422. 
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panied  by  sulphurefs  of  iroa  and  arsenical  pjritcs,  waa  introduced. 
Another  convulsion  then  burst  open  the  rocks  along  the  old  line  of  frac- 
ture, and  tho  first  set  of  deposits  were  orackcd  and  often  sliattered,  bo 
that  the  new  rent  was  filled,  not  only  with  angulai-  fi'agments  of  the 
adjoining  rocks,  hut  with  pieces  of  the  older  veinstones.  Polished  and 
striated  surfaces  on  the  sides  or  in  the  contents  of  the  vein,  also  attest 
the  reality  of  these  movements.  A  new  period  of  repose  then  ensued, 
during  which  various  sulphurets  were  introduced,  together  with  hom- 
stone  quarts,  by  which  angular  fragments  of  tho  older  quanta  before 
mentioned  were  cemented  into  a  breccia.  This  period  was  followed  by 
other  dilatations  of  the  same  veins,  and  other  sets  of  mineral  deposits, 
until,  at  last,  pebbles  of  the  basaltic  lavas  of  Auvergne,  derived  from 
superficial  alluviums,  probably  of  Miocene  or  older  Pliocene  date,  were 
swept  into  the  veins.  I  have  not  space  to  enumerate  all  the  changes 
minutely  detailed  by  M.  Foumet,  but  they  are  valuable,  both  to  the 
miner  and  geologist,  as  showing  how  the  supposed  signs  of  violent  catas- 
trophes may  be  the  monuments,  not  of  one  paroxysmal  shock,  but  of 
reiterated  movements. 

Such  repeated  enlargement  and  reopening  of  veins  might  have  been 
anticipated,  if  we  adopt  the  theory  of  fissures,  and  reflect  how  few  of 
them  have  ever  been  sealed  up  entirely,  and  that  a  country  with  fissures 
only  partially  filled  must  naturally  offer  much  feebler  resistance  along 
the  old  lines  of  fracture  than  any  where  else.  It  is  quite  otherwise  in 
the  case  of  dikes,  where  each  opening  has  been  the  receptacle  of  one 
continuous  and  homogeneous  mass  of  melted  matter,  the  consolidation 
of  which  has  taken  place  under  considerable  pressure.  Trappean  dikes 
can  rarely  fml  to  strengthen  the  rocks  at  the  points  where  before  they 
wei-e  weakest ;  and  if  the  upheaving  force  is  again  eserted  in  the  same 
direction,  the  crust  of  the  earth  will  give  way  anywhere  rather  than  at 
the  precise  points  where  the  first  rents  were  produced. 

A  krge  proportion  of  metalliferous  veins  have  their  opposite  walls 
nearly  parallel,  and  sometimes  over  a  wide  extent  of  country.  Thero 
is  a  fine  example  of  this  in  the  celebrated  vein  of  Andreasburg  in  the 
Hartz,  which  has  been  worked  for  a  depth  of  500  yards  perpendicularly, 
and  200  horizontally,  retaining  almost  every  where  a  width  of  3  feet. 
But  many  lodes  in  Cornwall  and  elsewhere  are  extremely  variable  in 
size,  being  one  or  two  inches  in  one  part,  and  then  8  or  10  feet  in  an- 
other, at  the  distance  of  a  few  fathoms,  and  then  again  narrowing  as 
before.  Such  alternate  swelling  and  contraction  is  so  often  characteristic 
as  to  require  explanation.  The  walls  of  fissures  in  general,  observes  Sir 
H.  De  k  Beche,  are  rarely  perfect  planes  throughout  their  entire  course, 
nor  could  we  well  expect  them  to  be  so,  since  they  commonly  pass 
through  rooks  of  unequal  hardness  and  different  mineral  eomposition. 
If,  therefore,  tho  opposite  sides  of  such  irregular  fissures  slide  upon  each 
other,  that  is  to  say,  if  there  hk  a,  fault,  as  in  the  case  of  so  many  mineral 
veins,  the  parallelism  of  tho  opposite  walls  is  at  once  entirely  di 
as  will  be  readily  seen  by  studying  the  annexed  diagi-ams 


-c  by  Google 


OONTRACTIOff  OP  VEINS. 


Let  o  6,  fig.  517,  be  a  line  of  fracture  traveraiiig  a  rock,  aad  let  a  i, 
fig.  518,  represent  tlie  same  line,  Now,  if  we  out  a  piece  of  paper  re- 
presenting this  line,  and  then  move  the  lower  portion  of  this  cut  paper 
sideways  from  a  to  a',  taking  care  that  the  two  pieces  of  paper  still  touch 
each  other  at  tho  points  1,  2,  3,  4,  5,  we  obtain  an  iiregular  aperture  at 
c,  and  tho  isolated  cavities  ^t  ddd,  and  when  wo  compare  such  figures 
witk  nature  we  find  that,  with  certain  modifications,  they  represent  the 
interior  of  fanlfcg  and  mineral  veins.  If,  instead  of  sliding  the  cut  paper 
to  the  right  hand,  we  move  the  lower  part  towards  tte  left,  about  the 
same  distance  that  it  was  previously  slid  to  the  right,  we  obtain  consid- 
erable variation  in  the  cavities  so  produced,  two  long  irregular  open  spa- 
ces,//, fig.  519,  being  then  formed.  This  will  serve  to  show  to  what  slight 
circumstances  considerable  variations  in  the  character  of  the  openings 
between  unevenly  fractured  surfacos  may  be  due,  such  sur&ces  being 
moved  upon  each  otier,  so  as  to  have  numerous  points  of  contact. 

Most  lodcB  are  perpendicular  to  the  horizon,  or  nearly  so;  but  some 
of  them  Lave  a  considerable  inclination  or  "hade,"  js  it  rig  620 
is  fermod,  the  angles  of  dip  varying  from  15°  to  45°.  The 
course  of  a  vein  is  frequently  very  str^ght;  but  if  tor- 
tuous, it  is  found  to  be  choked  up  with  clay,  stones,  and 
pebble'^,  at  points  where  it  departs  most  widely  from  vei- 
ticaJify  Hence  at  places,  such  as  a,  fig.  520,  the  miner 
tomplams  tliat  the  ores  are  "nipped,"  or  greatly  reduced 
m  quantity,  tho  space  for  their  free  deposition  having  been 
iiiterien.d  with  in  consequence  of  the  pre-occupancy  of  tho 
Indo  by  earthy  materials.  When  lodes  are  many  fathoms 
wide,  they  aie  usually  filled  for  the  most  part  with  earthy  mattei  ind 
fragments  of  lock,  through  which  tic  ores  are  much  disseminated  '  The 
metallic  substances  frequently  coat  or  encircle  detached  pieces  ct  mcL 
which  our  miners  call  "  horses  "  or  riders."  That  we  should  find  some 
mineral  veins  which  split  into  branches  is  also  natural,  for  we  observo 
the  same  m  regard  («  open  fissures. 

Chemical  depoaiU  in  veins.— If  we  now  turn  from  the  mechanical  to  the 
chemical  agencies  which  have  been  instrumental  in  the  production  of 
mineral  veins,  it  may  be  remarked  that  those  parts  of  fissures  which  were 
not  choked  up  with  the  ruins  of  fractured  rooks  must  always  have  been 
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filled  with  water ;  and  almost  erery  vein  has  probably  been  the  channel 
by  which  hot  springs,  so  common  in  countries  of  volcanos  and  earth- 
quakes, have  made  their  way  to  the  surface.  For  we  know  that  the 
rents  in  wHoh.  ores  abound  extend  downwards  to  vast  depths,  wJiero  the 
temperature  of  the  interior  of  the  earth  is  more  elevated.  We  also 
know  that  animal  veins  are  most  joetalUfcrous  near  the  contact  of  plu- 
tonic  and  stratified  formations,  especially  where  the  former  sends  veins 
into  the  latter,  a  circumstance  which  indicates  an  oiiginiil  proximity  of 
veins  at  their  inferior  extremity  to  igneous  and  heated  rocks.  It  is  more- 
over acknowledged  that  even  those  mineral  and  thermal  springs,  which, 
in  the  present  state  of  the  globe,  are  fer  from  volcanos,  are  nevertheless 
observed  to  burst  out  along  great  lines  of  upheaval  and  dislocation  of 
rocks.*  It  is  also  ascertained  that  all  the  substances  with  which  hot 
springs  are  impegnated  agree  with  those  discharged  in  a  gaseous  form 
from  volcanos.  Many  of  these  bodies  occur  as  veinstones;  such  as 
silex,  carbonate  of  lime,  sulphur,  fluor-spar,  sulphate  of  barytes,  magne- 
sia, oxide  of  iron,  and  others.  I  may  add  that,  if  veins  have  been  filled 
with  gaseous  emanations  from  masses  of  melted  matter,  slowly  cooling  in 
the  subterranean  regions,  the  contraction  of  such  masses  as  they  pass 
fCom  a  plastio  to  a  solid  state  would,  according  to  the  experiments  of 
Deville  on  gianite  (a  lock  whjch  may  be  taken  as  a  standard),  prodnce 
a  redni/tion  in  volume  amounting  to  10  per  cent.  The  slow  crystalliza- 
tion therefore,  of  such  plutoim  rocks  supplies  us  with  a  force  not  only 
capable  of  rending  open  the  incumbent  rocks  by  causing  a  feilure  of 
suppoit,  but  al'!o  of  giving  nse  to  faults  whenever  one  portion  of  the 
earth  8  crust  subsides  slowly  while  another  contiguous  to  it  happens  to 
rest  on  a  different  foundation,  so  as  to  remain  unmoved. 

Although  we  are  led  to  infer,  from  the  foregoing  reasoning,  that  there 
has  often  bet-n  in  mtimite  connection  between  metalliferous  veins  and 
hot  spiings  holding  mineral  matter  in  solution,  yet  we  must  not  on 
that  account  expect  that  the  cont^'uts  of  hot  springs  and  minei-al  veins 
would  be  identical  On  the  contrary,  M.  E.  de  Beanmont  has  judi- 
ciously observed  that  we  ought  to  find  in  veins  those  substances,  which, 
being  least  soluble,  are  not  discharged  by  hot  springs, — or  that  class  of 
simple  and  compound  bodies  which  the  thermal  waters  ascending  irom 
below,  would  first  precipitate  on  the  walls  of  a  fissure,  as  soon  as  their 
temperature  began  slightly  to  diminish.  The  higher  they  mount 
towards  the  surfece,  the  more  will  they  cool,  till  they  acquire  the  ave- 
rage temperature  of  springs,  being  in  that  case  chiefly  charged  with  the 
most  soluble  substances,  such  as  the  alkalis,  soda,  and  potash.  These 
are  not  met  with  in  veins,  although  they  enter  into  the  composition  of 
granitic  rocks.f 

To  a  certain  extent,  thei'eforo,  the  ai'rangement  and  distribution  of 
metallic  matter  in  veins  may  be  referred  to  ordinary  chemical  action, 

*  See  Dr.  Daubenya  Volcanos.  f  Bulletin,  iv.,  p.  1278. 
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01  to  thofle  vatutions  in  temperature,  which  waters  Loldin^  tlie  cus  in 
solntiun  mu'it  uudeigo,  as  they  rise  upwards  from  great  depths  m  the 
eaith  But  theie  are  other  phenomena  which  id  not  admit  of  the  stme 
simple  esplanation  Thus,  foi  example,  m  Derbyshire  Teiaa  containing 
ores  ot  lead,  zinc,  ind  coppei,  but  chiefly  lead,  traverse  alternate  beds 
cf  hmeatone  and  greenstone  The  ore  is  plentiful  wheie  the  walls  of 
the  lent  consist  of  limestone,  hut  is  reduced  to  a  mere  string  when  the; 
are  formed  of  greenstone,  or  "toad  stone,"  aa  it  is  called  provmciaHy 
Not  that  the  origmil  fiasure  13  n^rrowi-r  where  the  greenstone  oceurs. 
but  because  more  of  the  spate  is  there  filled  with  veinstones,  and  the 
waters  at  such  poinl*,  have  nrt  ported  so  fteely  with  fheir  metallic 
contents 

"Lodts  m  CornwaU,"  sajs  Mr  Rohoit  \7  Pox,  'are  \eiy  much 
influenced  in  their  metallic  riches  bj  thp  nature  of  the  lock  which  they 
travei=e,  and  they  often  change  in  th  3  respect  very  suddenly,  m  piismg 
from  cne  rook  to  another  Thus  many  lodes  which  yieJd  ibandance 
of  ore  in  granite,  are  unproductne  m  clay  slate,  or  killas,  and  vir^  versd 
The  same  observation  applies  to  killas  and  the  gr^mtio  porphyry  called 
ehan  Sometimes,  la  the  same  continuous  vein,  the  gnnite  will  tontaia 
copper,  and  the  killaa  lin,  or  vice  letsd  '  ■*■  Mr  Fox,  after  iscertaiumg 
the  existence  at  piesent  of  electric  curients  in  some  of  the  metalliferous 
vems  m  Cornwall,  has  speculated  on  the  sulphurets  and  muriates  of 
copper,  tin,  iron,  and  zme,  dia&olved  m  the  hot  water  of  fissure-.,  so  as 
to  determine  fho  peculiar  mode  of  their  distribution  Aftei  msfituimg 
experiments  on  this  subject,  he  even  endeavoured  to  account  for  the 
prevalence  of  aa  east  and  west  diiection  m  the  pnncipal  Cornish  lodes 
by  then  position  at  ught  angles  fo  the  earth's  magnetism,  but  Mr 
Kenwood  and  other  eipenonced  miners  hive  pointed  out  objections  to 
the  theory ,  lod  it  must  be  owned  that  the  direction  of  vem&  m  different 
mining  districts  vanes  so  entiiely  that  it  seems  to  depend  on  lines  of 
fracture,  rather  than  on  fho  laws  of  voltaio  electnaty  Nevertheless,  as 
different  kinds  of  rock  would  be  often  m  diffeient  electrical  conditions, 
we  may  readily  believe  that  elect ricily  must  often  govem  the  arrange 
ment  of  motalho  precipitates  in  a  rent 

"I  have  observed,"  says  Mr.  R.  Fox,  "that  when  chloride  of  tia  in 
solution  is  placed  in  the  voltaic  circuit,  part  of  the  tin  is  deposited  in  a 
metallic  state  at  the  negative  pole,  and  part  at  the  poaitive  one,  in  the 
state  of  a  peroxide,  such  as  it  occurs  in  our  Cornish  mines.  This  experi- 
ment may  servo  to  explain  why  tin  is  found  contiguous  to,  and  inter- 
mixed with,  copper  ore,  and  likewise  separated  from  it,  in  other  parts 
of  the  same  lode."  f 

Relative  age  of  iU  different  metals. —After  duly  reflecting  on  the 
facts  above  described,  we  cannot  doubt  that  mineral  veins,  like  eruptions 
of  granite  or  trap,  are  referable  to  many  distinct  periods  of  the  earth's 

*  R.  W.  Fox  on  Mineral  Vi/iDa,  p.  10.  f  ibid,  p.  38. 
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bistorj)  although  it  may  be  mora  difficult  to  determine  the  precise  age 
of  veins;  because  they  have  often  remained  open  for  ages,  and  because, 
as  we  have  aeca,  the  same  fissure,  after  having  been  once  filled,  has 
frequently  been  re-opened  or  enlarged.  But  besides  this  diversity  of 
age,  it  has  been  supposed  by  some  geologists  that  certain  metals  have 
been  produced  exclusively  in  earlier,  others  in  more  modern  times,  — 
that  tin,  for  example,  is  of  highor  antiquity  than  copper,  copper  tban 
lead  or  silver,  and  all  of  them  more  ancient  than  gold.  1  shall  first 
point  out  that  the  facts  once  relied  upon  in  support  of  some  of  these 
views  are  contradicted  by  later  experience,  and  then  consider  how  far 
any  chronological  order  of  arrangement  can  be  recognised  in  the  position 
of  the  preoions  and  other  metals  in  the  earth's  crust.  In  the  firet  place, 
it  is  not  tme  that  veins  in  which  tia  abounds  are  the  oldest  lodes  worked 
in  Grent  Britain.  The  government  survey  of  Ireland  has  demous&ated, 
that  in  "Wexford  veins  of  copper  and  lead  (the  latter  as  usual  being 
argentiferous)  are  much  older  than  the  tia  of  Cornwall.  ^la  each  of  the 
two  countries  a  very  similar  series  of  geological  changes  has  occurred  at 
two  distinct  epochs,  —  in  Wexford,  before  the  Devonshire  strata  were 
deposited;  in  CorawaU,  after  the  carboniferous  epoch.  To  begin  with 
the  Irish  mining  district :  We  have  granite  in  Wexford,  traversed  by 
granite  veins,  which  veins  also  intrude  themselves  into  the  Silurian 
strata,  the  same  Silurian  rocks  as  weU  as  the  veins  having  been  denuded 
before  the  Devonshire  beds  were  superimposed.  Next  we  find,  in  the 
same  county,  that  elvans,  or  straight  dikes  of  porphyritio  granite,  have 
out  through  the  granite  aad  the  veins  before  mentioned,  but  have  not 
penetrated  the  Devonian  rooks.  Subsequeatiy  to  these  elvans,  veins 
of  copper  and  lead  were  prodaced,  being  of  a  date  certainly  posterior 
to  the  Silurian,  and  anterior  to  the  Devonian ;  for  they  do  not  enter 
the  latter,  and,  what  is  still  more  decisive,  streaks  or  layers  of 
derivative  copper  have  been  found  near  Wexford  in  the  Devon  an 
not  far  from  points  where  mines  of  copper  are  worked  n  the  S  lu  au 
strata.* 

Although  the  precise  age  of  such  copper  lodes  cannot  be  leiine  1  we 
may  safely  affirm  that  they  were  either  filled  at  the  close  of  the  S  lur  an 
or  commencement  of  the  Devonian  period.  Besides  copp  1  ad  nd 
silver,  there  \s  some  gold  in  these  ancient  or  primary  metall  fe  us  n 
A  few  fragments  also  of  tin  found  in  Wicklow  in  the  d  ft  a  o  nppo  d 
to  have  been  derived  from  veins  of  the  same  age.f 

Nest,  if  we  turn  to  Cornwall,  we  fiad  there  also  the  monuments  of  a 
very  analogous  sequence  of  events  First  the  granite  was  formed;  then, 
about  the  same  period,  veins  of  fine-grained  granite,  often  tortuous  (see 
fig.  496.,  p.  445.),  penetiatmg  both  the  outer  crust  of  granite  and  the 
adjoining  foasiliferons  or  primary  rocks,  including  the  coal-measures; 

«  I  am  indebted  to  Su  H  Ue  la  Beche  for  this  iaformadon.  See  also  maps 
and  seotjons  of  Irish  Survey. 

t  Sir  H.  Do  !a  Beehe,  MS.  notes  on  Iiish  Sarvey. 
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ttirdJy,  elvans,  (lolding  their  course  straight  through  granite  ^nmtio 
veina,  and  fossiliferous  slates;  fourthly,  voins  of  tin  iKo  cmtaining 
copper,  the  first  of  those  eight  systems  of  fissures  of  different  age^  already 
alluded  to,  p.  491,  Here,  then,  tho  tin  lodea  are  newer  than  tlie  ehans 
It  has  indeed  been  stated  by  some  Cornish  miners  that  the  elvai  s  are 
in  some  few  instances  posterior  to  tho  oldest  tin-hearing  lode"  but  thL 
observations  of  Sir  H.  de  la  Boche  during  the  snuey  led  him  to  an 
opposite  conclusion,  and  he  has  shown  how  tho  i.'ises  refeiicd  to  in 
corroboration  can  be  otherwise  interpreted.*  We  may,  therefore,  assert 
that  the  most  n  at  C  h  I  1  a  y  uog  than  the  coal  measures 
of  that  part  of  E  gland  and  t  f  11  w  th  t  Ih  y  aro  of  a  much  later 
date  than  the  In  h      pp  d  lead    f  W  xf   d  and  some  idjoining 

counties.     How  m    h  late     t       n  t  a  y  t     leeliio,  although  pro 

bably  they  are  n  t  n  w  than  th  b  g  nn  n  f  the  Permian  period  as 
no  tin  lodes  ha     b    n  d  1        ny     d        d  tone  of  the  Poikilitic 

group,  which  overlies  the  coal  in  the  south-west  of  England 

There  are  lead  veins  in  the  llendip  hills  which  extend  thiough  the 
mountain  limestone  into  the  Permian  or  Dolomiljc  conglomerite,  and 
others  m  Glamorganshire  which  enter  the  lias.  Those  wcrked  near 
Fiome,  in  Somer'setshire,  have  been  traced  into  the  Inferior  Oolite  In 
Bohemia,  the  nth  veins  of  silver  of  JoacbimsthaJ  out  through  basalt  con 
taming  oh\ine,  which  overlies  tertiary  lignite,  in  which  are  lenes  of 
dicotyledonous  trees.  This  silver,  therefore,  is  decidedly  a  teitiary  for 
mation  In  regard  to  the  age  of  the  gold  of  the  Ural  Mountains,  m 
Russia,  which,  iike  that  of  Oalifornia,  is  obtained  chiefly  from  auriferous 
allunum  we  can  merely  affirm  that  it  olcufs  in  veins  of  quartz  in  the 
schistose  and  granitio  rooks  of  that  chain  Sir  E.  Mnrthison  observes, 
that  no  goll  his  yet  b^en  found  in  the  Permian  oongloraerafes  which 
lie  at  the  base  of  the  Ural  Mountains,  although  large  quantities  of  iron 
and  copper  detritus  are  mixed  with  the  loHed  pebbles  of  these  same 
Permian  strata  Hen(,e  it  seems  that  the  Uralian  quartz  vein',  con- 
taining gold  and  platinum,  were  not  exposed  to  aqueous  denudation 
during  the  Permian  cia  But  we  cannot  feel  suie,  fiom  any  data  jet 
before  us,  that  ^uth  auriferous  veins  of  quartz  may  not  be  as  old  as  the 
tin  lodes  of  CornwaU,  in  which,  as  well  as  the  more  ancient  copper  lodes 
of  Ireland,  some  gold  has  been  detected.  We  are  also  unable  at  present 
to  assign  to  the  gold  veins  of  Brazil,  Peru,  or  California,  their  respective 
geological  dates.  But,  although  enough  is  known  to  show  that  Ovid's 
line  about  the  "Age  of  Gold,"  "  Aurea  prima  sata  est  a;tas,"  would,  by 
no  means,  be  an  apt  motto  for  a  treatise  on  mining,  it  would  be  equally 
rash  in  the  present  state  of  our  inquiries  to  affirm,  as  some  have  done, 
that  gold  was  the  last-formed  of  metals. 

It  has  been  remarked  by  M.  de  Beaumont,  that  lead  and  some  other 
metals  are  found  in  dikes  of  basalt  and  greenstone,  as  well  as  in  mineral 

*  Report  on  Geologj  of  Coruwall,  p.  810. 
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veins  oonneeted  with  trap  roclss,  whereas  tin  ia  met  with  in  granite  and 
in  veins  associated  with  the  granitio  aeries.  If  this  rale  hold  true 
generally,  the  geological  position  of  tin  in  localities  accessible  to  the 
miners,  will  belong,  for  the  most  part,  to  rooks  older  than  those  bearing 
lead.  The  tin  veins  will  be  of  higher  celative  antiquity  for  the  same 
reason  that  the  "uHdcrlying"  igneous  formations  or  granites  which 
are  visible  to  man  are  olderj  on  the  whole,  than  the  overlying  or  trap- 


If  different  sets  of  fissures,  originating  simultaneously  at  different 
levels  iu  the  earth's  crust,  and  communicating,  some  of  them,  with 
volcanic,  others  with  heated  pktonic  masses,  be  filled  with  different 
metals,  it  will  follow  that  those  formed  farthest  from  the  surface  will 
usually  require  the  longest  time  before  they  can  be  exposed  euperfloially. 
In  order  to  bring  them  into  view,  or  within  reach  of  the  miner,  a  greater 
amount  of  upheaval  and  denudation  must  take  place  in  proportion  as 
they  have  lain  deeper  when, first  formed.  A  considerable  series  of  geo- 
logical revolutions  must  intervene  before  any  part  of  the  fissure,  which 
has  been  for  ages  in  the  proximity  of  the  plutonic  rocks,  so  as  to  receive 
the  gases  discharged  from  it  when  it  was  cooling,  can  emerge  into  the 
atmosphere.  But  I  need  not  enlarge  on  this  subject,  as  the  reader  will 
remember  what  was  said  in  the  30th,  34th,  and  37th  chapters,  on  the 
chronology  of  the  volcanic  and  hypogene  formations. 


Concluding  Remarks. —  The  theory  of  the  origin  of  the  I_,  ^ 
rocks,  at  a  variety  of  successive  periods,  as  expounded  in  two  of  the 
chapters  just  cited,  and  still  more  the  doctrine  that  such  rocks  may  be 
BOW  iu  the  daily  course  of  formation,  has  made  and  still  makes  its  way, 
tut  slowly,  into  favour.  The  disinclinatioa  to  embrace  it  has  arisen 
■partly  from  an  inherent  obscurity  in  the  very  nature  of  the  evidence  of 
■plutonic  action  when  developed  on  a  great  scale,  at  particular  periods. 
It  has  also  sprung,  in  some  degree,  from  extrinsic  considerations;  many 
geologists  having  been  unwilling  to  believe  the  doctrine  of  the  transmu- 
tation of  fossiliferous  into  crystalline  rocks,  because  they  were  desirous 
of  finding  proofs  of  a  beginning,  and  of  tracing  back  the  history  of  our 
terraqueous  system  to  times  anterior  to  the  creation  of  organic  beings. 
But  if  these  expectations  have  been  disappointed,  if  we  have  found  it 
impossible  to  assign  a  limit  to  that  time  throughout  which  it  has  pleased 
an  Omnipotent  and  Eternal  Being  to  manifest  his  creative  power,  we 
have  at  least  succeeded  beyond  all  hope  iu  carrying  hack  our  researches 
to  times  antecedent  to  the  existence  of  man.  We  can  prove  that  man 
had  a  beginning,  and  that,  all  the  species  now  contemporary  with  man, 
and  many  others  which  preceded,  had  also  a  beginning,  and  that,  conse- 
quently, the  present  state  of  the  organic  world  has  not  gene  on  from  all 
eternity,  as  some  philosophers  have  maintained. 

It  can  be  shown  that  the  earth's  surface  has  been  remodelled  again 
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d  m      ta     bh        h       b  d      sunk;  valleys  formed, 

fill  a     p       d  th  ted  111  Lave  changed  places; 

y  t  th      gh    t    II  th  1  t   nf.       I  th       naequent  alterations  of 

laid  llint  mid         tabl    life  has  been  sustained. 

Tb     h     b  mpl  hdwth     t       It        f  the  laws  now  governing 

th       g  t        bj  wh   Ii  Iim  f      ve  assigned  to  the  variability  of 

p  Th  f  1  b     g   appears  to  have  been  continued 

t  by  th    1       m  tat         f    p  1  ut  by  the  introduction  into  the 

tlif        1        ttro     f     wjlf     nd  animals,  and  each  assemblage 
f      w   p  m    t  h        b  d        bly  fitted  for  the  new  states  of 

th    fjl  bo      th  y  th  J  w    Id    ot  have  increased  and  multiplied 

add  endured  for  indefinite  periods. 

At       my  h  d  b  hi    to     t  hi  h  th    pi     1  ty   f  1  b  t  bl 

w   II   th     ^h    t  p       h  w        f         t         bject   f      j    t  d 

pit         b  t  g    1  gy     1th      h    t  t  p         th  t    th     pla    ts 

p    pi  d  w  th    pp    p     t  f  I  b  his  i  t    ted 

th    t    th    f         !  ly  1      w    d    f  1  — th  f  ur 

wpl      tf      myhbtablauf  wlds         hyh        In 

lid      achdt     t        tm         dppid  with    t    p      1  f 

quat         1 1        tnal  1 

Th    p      t        w  m  1  tel    f  th      1  1  gy  b  tw  t     t 

d  t   p  h      (    1  d    bt        th    m    d  th  t  th 

mhmyfpt        dbtyf       tr  whhwdm        n 

th    1       g        t       h     eq    lly  hai    t        d  th  w    Id    t     ai  te 

p      d      Th  w  t     wl  dg     f  th  h      1 1 1       n  ty 

dpiydnl       g      t  dd  th       fitwdni      dpw 

wh   h  t  d  pi  y  dm     t       m       It  pi    d  by  th       fl    t    n    h  t    t 

lyth     l^t     f      t      '  f  P  t  '  ^'^^    "^^ 

ttm       th         mb  Imt  mf       f 

8     P        p  GIB 

■j-  See  tie  aathot'a  Anniv.  Address  to  tlie  Geol.  Soc,  1837.   Proceedings  G.  S. 
No,  49.  p.  620. 
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